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REMARKS 

Claims 1-8, 11-14 and 16-20 remain pending in the instant application. No amendments 
have been made. Applicants respond below to the specific rejections set forth in the Final Office 
Action mailed December 1 3 , 2004. 

Rejection under 35 U.S.C. SlOl - Utility 

The PTO has maintained the rejection of Claims 1-8, 11-14 and 16-20 under 35 U.S.C. 
§ 101 as lacking patentable utility for the reasons of record on pages 2 and 3 of the previous 
Office Action. The PTO argues that the amendment to the claims adding the fimctional 
limitation is not sufficient to establish utiUty for the claimed invention. 

Specifically, according to the PTO, Applicants' previous arguments regarding utility v^ere 
not persuasive. The PTO argues that utility requires that the skilled artisan be able to use the 
claimed invention, and that the specification does not provide a specific and substantial or a well- 
established use. The PTO fiirther argues that Applicants have provided only a single analysis 
without any relative range for basing a utility of underexpression. The PTO asserts that it "is not 
disclosed what type(s) of limg or stomach tumor was analyzed," and that it "is not clear if the 
findings can be generalized to all tumors fi-om that tissue type." Also, the PTO argues that the 
skilled artisan would not know if the results were significant or under what conditions the 
difference in expression could be detected. 

The PTO makes various other arguments on page 4 of the Final Office Action, including: 

[W]ithout knowing the range of variation there is insufficient guidance. If a clinician 
took a stomach tissue sample fi'om a patient with a suspected stomach cancer, what is 
the likelihood that when compared with normal tissue, the level of nucleic acid of 
SEQ ID NO:77 fi-om the patient would be lower? How many samples would be 
needed? What sensitivity would be needed? Would the normal tissue have to be a 
pooled sample or could it be firom a single individual? 

The PTO further argues that "[t]he statement that the relative difference in expression is 
what is important is generally true, but without more specifics about necessary sample size, 
expression level range for normal and timior tissues, types of stomach or lung tissue that can be 
used, and other questions, the specification has not provided the invention in a form readily 
usable by the skilled [artisan] such that significant fiirther experimentation was unnecessary." 
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With regard to the correlation between nucleic acid expression and expression of the 
corresponding protein, the PTO also continues to argue that there is no evidence that the 
polypeptide of PRO! 357 is underexpressed in stomach tumors or lung tumors. In support the 
PTO argues that the data are insufficient because only relative expression data was presented. 
The PTO argues that there is no evidentiary support to the assertions by Dr. Polakis that it 
remains the central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded polypeptide. Finally, the PTO references Hu et al. 
(2003, Journal of Proteome Research 2:405-412) as refuting Applicants assertions regarding the 
correlation between nucleic acid expression and polypeptide expression. 

Applicants reiterate that the claimed invention has utility in diagnosing cancer, 
specifically in the diagnosis of stomach cancer and lung cancer. The specification in Example 18 
discloses data showing that the nucleic acid of SEQ ID NO:77 is more highly expressed in 
normal stomach tissue or normal lung tissue compared to stomach tumor or lung tumor, 
respectively. The data in Example 18 is more than sufficient to satisfy the correct utiUty standard 
under 35 U.S.C. § 101. Nonetheless, Applicants have provided various declarations by those of 
skill in the art, literature references, and textbook passages further supporting the claimed utility. 
The references cited by the PTO to refute the claimed utility do not actually support a lack of 
utility. In view of this and the discussion below. Applicants respectfully submit that the claimed 
nucleic acids have a credible, substantial, and specific utility. 

Utility need NOT be proven to an Absolute Certainty - a Correlation between the Evidence and 

the Asserted Utility is Sufficient 

Compliance with 35 U.S.C. § 101 is a question of fact. Raytheon v. Roper, 724 F.2d 951, 

956, 220 USPQ 592, 596 (Fed. Cir. 1983) cert, denied, 469 US 835 (1984). The evidentiary 

standard to be used throughout ex parte examination in setting forth a rejection is a 

preponderance of the evidence, or "more likely than not" standard. In re Oetiker, 977 F.2d 1443, 

1445, 24 USPQ2d 1443, 1444 (Fed. Cir. 1992). This is stated explicitly in the M.P.E.P.: 

[T]he applicant does not have to provide evidence sufficient to establish that an 
asserted utility is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
statistical certainty. Instead, evidence will be sufficient if, considered as a whole, 
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it leads a person of ordinary skill in the art to conclude that the asserted utiUty is 
more likely than not . M.P.E.P. at § 2107.02, part VH (2004) (emphasis in 
original, intemal citations omitted). 

The PTO has the initial burden to offer evidence "that one of ordinary skill in the art 
would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 
1436 (Fed. Or. 1995). Only then does the burden shift to the Applicant to provide rebuttal 
evidence. See id. As stated in the M.P.E.P., such rebuttal evidence does not need to absolutely 
prove that the asserted utility is real. Rather, the evidence only needs to be reasonably indicative 
of the asserted utility. 

In Fujikawa v. Wattanasin, 93 F.3d 1559, 39 U.S.P.Q.2d 1895 (Fed. Cir. 1996), the Court 

of Appeals for the Federal Circuit upheld a PTO decision that in vitro testing of a novel 

pharmaceutical compound was sufficient to establish practical utility, stating the following rule: 

[T]esting is often required to estabUsh practical utility. But the test results need 
not absolutely prove that the compound is pharmacologically active. All that is 
required is that the tests be ''reasonably indicative of the desired 
[pharmacological] response." In other words, there must be a sufHcient 
correlation between the tests and an asserted pharmacological activity so as to 
convince those skilled in the art, to a reasonable probability, that the novel 
compound will exhibit the asserted pharmacological behavior." Fujikawa v. 
Wattanasin, 93 F.3d 1559, 1564, 39 U.S.P.Q.2d 1895 (Fed. Cir. 1996) (intemal 
citations omitted, bold emphasis added, italics in original). 

While the Fujikawa case was in the context of utility for pharmaceutical compounds, the 
principles stated by the Court are applicable in the instant case where the asserted utility is for a 
diagnostic use - utility does not have to be established to an absolute certainty, rather, the 
evidence must convince a person of skill in the art "to a reasonable probability." In addition, the 
evidence need not be direct, so long as there is a "sufficient correlation" between the tests 
performed and the asserted utility. 

Here, as discussed more fiiUy below, the evidence of record, including the declarations by 
those of skill in the art and the teachings of the specification, is convincing to a person of skill in 
the art "to a reasonably probability." 

The Court in Fujikawa relied in part on its decision in Cross v. Ilzuka^ 753 F.2d 1040, 
224 U.S.P.Q. 739 (Fed. Cir. 1985). In Cross, the Appellant argued that basic in vitro tests 
conducted in cellular fi-actions did not establish a practical utility for the claimed compounds. 
Appellant argued that more sophisticated in vitro tests using intact cells, or in vivo tests, were 

-8- 



AppI.No. : 10/063,711 

Filed : May 8, 2002 

necessary to establish a practical utility. The Court in Cross rejected this argument, instead 
favoring the argument of the Appellee: 

[]]n vitro results... are generally predictive of in vivo test results, i.e., there is a 
reasonable correlation therebetween. Were this not so, the testing procedures of 
the pharmaceutical industry would not be as they are. [Appellee] has not urged, 
and rightly so, that there is an invariable exact correlation between in vitro test 
results and in vivo test results. Rather, [Appellee's] position is that successful in 
vitro testing for a particular pharmacological activity establishes a significant 
probability that in vivo testing for this particular pharmacological activity will be 
successful. Cross v. Ilzuka, 753 F.2d 1040, 1050, 224 U.S.P.Q. 739 (Fed. Cir. 
1985) (emphasis added). 

The Cross case is very similar to the present case. Here, no additional sophisticated 
testing or further research is required to establish the utility of the claimed nucleic acids, the 
encoded polypeptides or the antibodies to the polypeptides in cancer diagnostics. As with in 
vitro testing in the pharmaceutical industry, those of ordinary skill in the art recognize to a 
reasonable probability that a showing of differential expression of mRNA in cancerous cells 
compared to normal cells indicates a real world utility in cancer diagnostics for the nucleic acids, 
their encoded polypeptides and the antibodies to the polypeptides. One of ordinary skill in the art 
would rely upon the differential expression data in Example 18 as reasonably indicating a real 
world use for the claimed nucleic acids. Those of ordinary skill in the art recognize a reasonable 
correlation between differential expression in cancerous versus non-cancerous cells and utility in 
distinguishing between those cells. 

Also, as in Cross, Applicants here do not argue that there is "an invariable exact 
correlation" between differential expression and diagnostic markers. Instead, Applicants' 
position detailed below is that the data in Example 18 are reliable and significant, as well as more 
than sufficient to establish a "significant probability" that the differential expression of the 
nucleic acids and PR01357 polypeptides in cancerous versus non-cancerous tissue provides 
diagnostic utility for the same based on "a reasonable correlation therebetween." In order to 
satisfy the proper utility standard, no further research or testing is required. One of skill in the art 
more likely than not would recognize utility for the claimed nucleic acids based upon the 
differential expression data in Example 18. 

Also, those of skill in the field of biotechnology rely on the reasonable correlation that 
exists between gene expression and protein expression (see below). Were there no reasonable 
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correlation between the two, the techniques that measure gene levels such as microarray analysis, 
differential display, and quantitative PGR would not be so widely used by those in the art. As in 
Cross, Applicants here do not argue that there is "an invariable exact correlation" between gene 
expression and protein expression. Instead, Applicants' position detailed below is that a 
measured change in gene expression in cancer cells establishes a "significant probability" that the 
expression of the encoded polypeptide in cancer will also be changed based on "a reasonable 
correlation therebetween." 

Even assuming that the PTO has met its initial burden to offer evidence that one of 
ordinary skill in the art would reasonably doubt the truth of the asserted utility. Applicants assert 
that they have met their burden of providing rebuttal evidence such that it is more likely than not 
those skilled in the art, to a reasonable probability, would believe that the clahned nucleic acids, 
the PRO 1357 polypeptides and antibodies thereto are useful as diagnostic tools for stomach and 
lung cancer. Applicants further address and rebut the specific points raised by the Examiner in 
the Final Office Action. 

The Differential Expression of the PR01357 mRNA confers Utility upon the Claimed Nucleic 
Acids and the PROl 357 Polypeptide 

Applicants submit that the evidence of record demonstrates a substantial and specific 
utility for the claimed nucleic acids. No additional testing is required to establish to "a 
reasonable probability" the utility of the claimed nucleic acids in cancer diagnostics. Those of 
skill in the art recognize a "real world" utility based upon the data set forth in the application as 
filed. As set forth in Example 18, PR01357 nucleic acids are more highly expressed in normal 
stomach tissue or normal lung tissue compared to stomach tumor or lung tumor, respectively. 
Thus, one of skill in the art would recognize that it is more likely than not that the PROl 357 
polypeptide is more highly expressed in normal stomach tissue or normal lung tissue compared 
to stomach tumor or lung tumor, respectively. It is this differential expression of the nucleic 
acids and the polypeptides in the respective cancer and non-cancerous cells that makes the 
claimed nucleic acids, the encoded polypeptides and the antibodies to the polypeptides useful in 
the diagnosis of cancer, as it serves as the basis for detecting a difference between cancerous and 
non-cancerous cells. 
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Nonetheless, the PTO continues to argue that the data in Example 18 are insufficient and 
do not provide an immediate use for the claimed subject matter. Applicants strongly disagree. 
The MPEP states: 

Office personnel must be careful not to interpret the phrase 'immediate benefit to the 
public' or similar formulations in other cases to mean that products or services based 
on the claimed invention must be 'currently available' to the public in order to satisfy 
the utility requirement See, e.g., Brenner v. Manson, 383 U.S. 519, 534-35, 148 
USPQ 689, 695 (1966). Rather, any reasonable use that an applicant has identified 
for the invention that can be viewed as providing a public benefit should be accepted 
as sufficient, at least with regard to defining a 'substantial' utility. Courts have 
repeatedly found that the mere identification of a pharmacological activity of a 
compound that is relevant to an asserted pharmacological use provides an 'immediate 
benefit to the public' and thus satisfies the utility requirement. See Nelson v. Bowler 
626 F.2d 853, 856, 206 USPQ 881, 883 (CCPA 1980). 

M.P.E.P. at § 2107.01 

The data in Example 18 are sufficient to provide an "immediate benefit to the public" or a 
"real world" use. Applicants have identified molecules that can be used as cancer markers. This 
knowledge provides an immediate public benefit. Under § 101 the utility does not have to be an 
FDA approved use, one that is ready for commercial sale, or even one that is ready for clinical 
use. Use as a cancer marker based upon the differential expression data in Example 18 is 
sufficient for utility under § 101. The data show that the nucleic acids encoding the PRO 1357 
polypeptide are differentially expressed in stomach and lung tissue compared to cancerous 
stomach and lung tissue, respectively. Example 18 explains that standard techniques and 
controls were utilized. Specifically, the widely accepted technique of PCR was used to 
determine "whether the polynucleotides tested were more highly expressed, less expressed, or 
whether expression remained the same in tumor tissue as compared to its normal counterpart." 
Furthermore, the first Grimaldi Declaration explains the techniques and protocols, stating that the 
gene expression studies reported in Example 18 of the instant application were performed using 
pooled samples of normal and of tumor tissues. With regard to reliability, Mr. Grimaldi explains 
that: 

The DNA libraries used in the gene expression studies were made fi-om pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely 
to be accurate than data obtained from a sample from a single individual. That is, 
the detection of variations in gene expression is likely to represent a more 
generally relevant condition when pooled samples from normal tissues are 
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compared with pooled samples from tumors in the same tissue type. 
(Paragraph 5). 

Furthermore, the Declaration of Grimaldi explained the significance of the results and 
that the methodology utilized in Example 18 indicates that the difference in expression levels 
between normal and cancerous cells is at least two fold. In paragraphs 6 and 7, Mr. Grimaldi 
explains that the semi-quantitative analysis employed to generate the data of Example 18 is 
sufficient to determine if a gene is over- or underexpressed in tumor cells compared to 
corresponding normal tissue. "Because this technique relies on the visual detection of ethidiimi 
bromide staining of PGR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples v^U represent at least a two fold difference in cDNA." He 
also states that the results of the gene expression studies indicate that the genes of interest "can 
be used to differentiate tumor from normal." He explains that "[t]he precise levels of gene 
expression are irrelevant; what matters is that there is a relative difference in expression between 
normal tissue and tumor tissue." (Paragraph 7). Thus, since it is the relative level of expression 
between normal tissue and suspected cancerous tissue that is important, the precise level of 
expression in normal tissue is irrelevant. Likewise, there is no need for additional quantitative 
data to compare the level of expression in normal and tumor tissue. As Mr. Grimaldi states, "If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor (emphasis added)." Thus, there is guidance as to the 
levels of expression, particularly, that at a minimum, there is at least a two fold difference 
between the expression levels in cancerous cells compared to the corresponding non-cancerous 
cells. Therefore, contrary to the conclusions in the Final Office Action, Applicants have 
established that one of skill in the relevant art would recognize that there is a real world 
significance to the differential expression data set forth in the specification, and that a reasonable 
correlation exists between the data and the claimed nucleic acids in cancer diagnostics. 

Despite the presented data, the various declarations and the submitted literature 
references in support, many of the arguments made by the PTO attempt to refiite the operability 
of the claimed invention. 

Applicants remind the PTO that: 
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A small degree of utility is sufficient . . . The claimed invention must only be capable 
of perforaiing some beneficial function ... An invention does not lack utility merely 
because the particular embodiment disclosed in the patent lacks perfection or 
performs crudely ... A commercially successful product is not required . . . Nor is it 
essential that the invention accomplish all its intended functions ... or operate under 
all conditions . . . partial success being sufficient to demonstrate patentable utility . . . 
In short, the defense of non-utility cannot be sustained without proof of total 
incapacity. See E.L du Pont De Nemours and Co, v. Berkley and Co.^ 620 F.2d 1247, 
1260 n.l7, 205 USPQ 1, 10 n.l7 (8th Cir. 1980). If an invention is only partiallv 
successful in achieving a useful result, a rejection of the claimed invention as a whole 
based on a lack of utility is not appropriate. See In re Brana, 51 F.3d 1560, 34 
USPQ2d 1436 (Fed. Cir. 1995); In re Gardner, 475 F.2d 1389, 177 USPQ 396 
(CCPA), reh'g denied, 480 F.2d 879 (CCPA 1973); In re MarzocchU 439 F.2d 220, 
169 USPQ 367 (CCPA 1971). 

M.P.E.P. at § 2107.01 (Emphasis in original). 

Here, the claimed subject matter can be used by those of skill in the art to differentiate 
cancerous versus non-cancerous stomach and lung cells. Thus, the claimed subject matter is 
operative and the various questions raised by the PTO do not defeat the utility under § 101 . 

For these reasons. Applicants submit that one of ordinary skill in the art would reasonably 
recognize the utility of the claimed nucleic acids. 

A pplicants have Established that the Accepted Understanding in the Art is that there is a Direct 
Correlation between Comparative mRNA Levels and the Level of Expression of the Encoded 
Protein in Normal versus Cancerous Tissue 

Applicants maintain that it is more likely than not that the encoded polypeptide is more 
highly expressed in normal stomach tissue or normal Ixmg tissue compared to stomach tumor or 
lung tumor tissue respectively. Applicants reiterate that the evidence of record establishes a 
correlation between mRNA expression and protein expression. As stated above, the standard for 
utility is not absolute certainty, but rather whether one of skill in the art would be more likely 
than not to believe the asserted utility. The working hypothesis among those skilled in the art is 
that there is a direct correlation between mRNA levels and protein levels. Despite some 
teachings in the art of certain genes that do not fit within this paradigm, which are exceptions 
rather than the rule, in the vast majority of cases , the combined teachings in the art, exemplified 
by the previously submitted papers, for example by Omtoft et al., Hyman et al. and Pollack et al 
and the previously submitted Grimaldi and Polakis declarations, overwhelmingly teach that gene 
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expression influences mRNA expression and protein levels. Thus, one of skill in the art would 
reasonably expect, in this instance, based on the gene expression data for the PR01357 gene, that 
the PR01357 protein is concomitantly over-expressed in normal stomach tissue compared to 
stomach tumor tissue, and in normal lung tissue compared to lung tumor tissue. 

The statements of Grimaldi and Polakis are further supported by the teachings of two 
leading textbooks. Molecular Biology of the Cell is a leading cell biology textbook in the field 
(Bruce Alberts, et al. Molecular Biology of the Cell (4^^ ed. 2002), submitted herewith as 
Exhibit 1). Figure 6-3 on page 302 illustrates the basic principle that there is a correlation 
between increased gene expression and increased protein expression. The accompanying text 
states that "a cell can change (or regulate) the expression of each of its genes according to the 
needs of the moment - most obviously by controlling the production of its mRNA'' Molecular 
Biology of the Cell at 302, emphasis added. Similarly, figure 6-90 on page 364 illustrates the 
path from gene to protein. The accompanying text states that while potentially each step can be 
regulated by the cell, "the initiation of transcription is the most common point for a cell to 
regulate the expression of each of its genes." Molecular Biology of the Cell at 364. This point is 
repeated on page 379, where the authors state that of all the possible points for regulating protein 
expression, "[fjor most genes transcriptional controls are paramount." Molecular Biology of the 
Cell at 379. 

Also, support for Applicants' position can be found in the Lewin textbook (Genes VI 
(1997) CH 29, pp. 847-848; submitted herewith as Exhibit 2) which also states that "having 
acknowledged that control of gene expression can occur at multiple stages, and that production of 
RNA cannot inevitably be equated with production of protein, it is clear that the overwhelming 
majority of regulatory events occur at the initiation of transcription " (emphasis added). 

Still more support is found in Zhigang et al. World Journal of Surgical Oncology 2:13, 
2004, submitted herewith as Exhibit 3. Zhigang studied the expression of prostate stem cell 
antigen (PSCA) protein and mRNA to validate it as a potential molecular target for diagnosis and 
treatment of human prostate cancer. The data showed "a high degree of correlation between 
PSCA protein and mRNA expression" (see page 4 of Exhibit 3). Of the samples tested, 81 out of 
87 showed a high degree of correlation between mRNA expression and protein expression. The 
authors conclude that "it is demonstrated that PSCA protein and mRNA overexpressed in human 
prostate cancer, and that the increased protein level of PSCA was resulted from the upregulated 
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transcription of its mRNA." Exhibit 3, page 6. Even though the correlation between mRNA 
expression and protein expression occurred in 93% of the samples tested, not 100%, the authors 
state that "PSCA may be a promising molecular marker for the clinical prognosis of human Pea 
and a valuable target for diagnosis and therapy of this tumor." Exhibit 3, page 7. 

Further, Meric et al. Molecular Cancer Therapeutics, vol. 1, 971-979 (2002), submitted 
herewith as Exhibit 4, states the following: 

The fundamental principle of molecular therapeutics in cancer is to exploit the 
differences in gene expression between cancer cells and normal cells... [MJost 
efforts have concentrated on identifying differences in gene expression at the level 
of mRNA, which can be attributable to either DNA amplification or to differences 
in transcription. Meric et al. at 971 (emphasis added). 

This statement provides additional support for Applicants' asserted utility. It is true that there is 
no necessary correlation between gene expression and protein expression because there are other 
mechanisms for regulating gene expression. However, were there no significant correlation 
between gene expression and protein levels, exploiting differences in gene expression between 
cancer cells and normal cells would not be a "fundamental principle of molecular therapeutics in 
cancer." Moreover, as mentioned above, Applicants need not establish a necessary connection 
between gene expression and protein expression. Rather, there need only be a reasonable 
correlation between the evidence offered and the asserted utility such that it is more likely than 
not that a person of skill in the art would be convinced, to a reasonable probability, that the 
asserted utility is true. 

The PTO reUes on Hu et al. (J. Proteome Res., 2(4):405-12 (2003)) to support its 
assertion that the literature cautions researchers from drawing conclusions based on small 
changes in transcript expression levels between normal and cancerous tissue. Applicants 
respectfully submit that Hu does not satisfy the PTO's burden to offer evidence that one of 
ordinary skill in the art would reasonably doubt the truth of the asserted utility. 

In Hu, the researchers used an automated Hterature-mining tool to summarize and 

estimate the relative strengths of all human gene-disease relationships published on Medline. 

They then generated a microarray expression dataset comparing breast cancer and normal breast 

tissue. Using their data-mining tool, they looked for a correlation between the strength of the 

literature association between the gene and breast cancer, and the magnitude of the difference in 

expression level. They report that for genes displaying a 5-fold change or less in tumors 
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compared to normal, there was no evidence of a correlation between altered gene expression and 
a known role in the disease. See Hu at 411. However, among genes with a 10-fold or more 
change in expression level, there was a strong correlation between expression level and a 
published role in the disease. See id at 412. Importantly, Hu reports that the observed 
correlation was only found among estrogen receptor-positive tumors, not ER-negative tumors. 
See id. 

The general findings of Hu are not surprising - one would expect that genes that have the 
greatest change in expression in a disease would be the first targets of research, and therefore 
have the strongest known relationship to the disease as measured by the number of reports of a 
connection in the literature. But this does not mean that genes, and their corresponding proteins, 
with a lower level of change in expression are not important or cannot be used as molecular 
markers of the disease. This is demonstrated by the fact that ER-negative tumors did not show a 
correlation. The correlation reported in Hu only indicates that the greater the change in 
expression level, the more likely it is that there is a published or known role for the gene in the 
disease, as found by their automated literature-mining software. Nowhere in Hu does it say that a 
lack of correlation in their study means that the genes, and their corresponding proteins, with a 
less than five-fold change in level of expression in cancer cannot serve as a molecular marker of 
cancer. Genes with lower levels of change in expression may or may not be the most important 
genes in causing the disease, but the genes and their corresponding proteins can still show a 
consistent and measurable change in expression. While such genes and polypeptides may or may 
not be good targets for further research, they can nonetheless be used as diagnostic tools. Thus, 
Hu does not refute the Applicants' assertion that the PR01357 polypeptide, and its encoding 
nucleic acid, can be used as a cancer diagnostic tool because they are differentially expressed in 
certain tumors. 

Thus, the reference cited by the PTO as evidence that no such general understanding 
exists does not in any way support the PTO's arguments. Accordingly, Applicants respectfully 
submit that the totality of the evidence clearly supports the conclusion that one of skill in the art 
understands that, more likely than not, levels of mRNA directly correlate with levels of 
corresponding proteins. 

Together, the declarations of Grimaldi and Polakis, the accompanying references, as well 
as the other submitted excerpts and literature references, all estabUsh that the accepted 
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understanding in the art is that there is a reasonable correlation between changes in gene 
expression and the level of the encoded protein. Despite some teachings in the art of certain 
genes that do not fit within this paradigm which are exceptions rather than the rule, in the vast 
maioritv of cases, the combined teachings in the art, exemplified by cited references and the 
Grimaldi and Polakis declarations, overwhelmingly teach that gene expression influences mRNA 
expression and protein levels. Considering that utility does not have to be proven to an absolute 
certainty, Applicants submit they have provided sufficient evidence to show a reasonable 
correlation between mRNA expression and the level of PR01357 protein. In light of the lack of 
support for any argument by the PTO to the contrary. Applicants submit that they. have 
established that it is more likely than not that one of skill in the art would believe that because 
the PRO! 357 mRNA is more highly expressed in normal stomach tissue and normal lung tissue 
compared to stomach tumor tissue and lung tumor tissue, respectively, the PR01357 polypeptide 
will also be more highly expressed in normal stomach tissue and normal lung tissue compared to 
stomach tumor tissue and lung tumor tissue, respectively. One of skill in the art would recognize 
that a nucleic acid or polypeptide which is differentially expressed in certam cancer cells 
compared to the corresponding normal tissue would have utility as a diagnostic tool to screen 
between normal and tumor tissue samples. Thus, Applicants submit that they have established 
that it is more likely than not that one of skill in the art would recognize the asserted utility of the 
differentially expressed nucleic acids, the PR01357 polypeptides, and the antibodies as 
diagnostic tools for both stomach and limg tumors. 

Conclusion 

As set forth above, Applicants have established that the ordinary skilled artisan 
recognizes the sufficiency of the correlation between the differential expression data in Example 
18 and use in distinguishing between cell types (cancerous versus non-cancerous) so as to 
convince the skilled artisan to a reasonable probability that the claimed nucleic acids are usefiil 
as a screening tool in cancer diagnostics. Applicants have rebutted all of the arguments set forth 
in the Final Office Action regarding this matter. 

Also, Applicants have provided additional evidence in support of the correlation between 
DNA expression and protein expression. 
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Thus, given the totaUty of the evidence provided, Apphcants submit that they have 
estabhshed a substantial, specific, and credible utility for the claimed nucleic acids, the encoded 
PR01357 polypeptides, and the antibodies to the polypeptides as diagnostic agents. According 
to the PTO Utility Examination Guidelines (2001), irrefutable proof of a claimed utility is not 
required. Rather, a specific, substantial, and credible utility requires only a "reasonable'' 
confirmation of a real world context of use. Applicants submit that they have established that it 
is more likely than not that one of skill in the art would reasonably accept the utility for the 
claimed nucleic acids set forth in the specification. Applicants believe that they have met their 
burden of establishing a specific and substantial credible utility for the claimed invention. 

In view of the above, Applicants respectfully request that the PTO reconsider and 
withdraw the utility rejection under 35 U.S.C. §101. 

Rejection under 35 U,S.C. SI 12, first paragraph - Enablement 

The PTO has maintained the rejection of Claims 1-8, 11-14 and 16-20 as lacking 
enablement under 35 U.S.C. § 112, first paragraph. According to the Examiner, because the 
claimed invention is not supported by either a substantial asserted utility or a well established 
utility, one of skill in the art would not know how to use the invention. 

Applicants believe that the evidence, declarations, references, and arguments discussed 
above make clear that Applicants have established that one of skill in the art would be convinced, 
to a reasonable probability, that the claimed nucleic acids have utility as diagnostic tools for 
screening tissue to detect stomach and lung tumors. This would include the use of the encoded 
PR01357 polypeptides to create diagnostic and therapeutic antibodies. This use is disclosed in 
the application, and the techniques for the creation of antibodies are well known and routine in 
the art. Thus, at least one use of claimed nucleic acids, the encoded PR01357 polypeptides and 
the antibodies is adequately enabled, which is all that is required - "if any use is enabled when 
multiple uses are disclosed, the application is enabling for the claimed invention." M.P.E.P. 
2164.01(c). In view of the above. Applicants respectfully request that the Examiner reconsider 
and withdraw the enablement rejection under 35 U.S.C. § 1 12, first paragraph. 
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Rejection under 35 U,S.C> §112. first paragraph - Written Description 

The PTO has maintained the rejection of Claims 1-5, 14 and 16-20 under 35 U.S.C. §1 12, 
first paragraph, as containing subject matter which was not described in the specification in such 
a way as to reasonably convey to one skilled in the art that the inventors, at the time the 
application was filed, had possession of the invention. The PTO argues that nucleic acids that 
are non-identical to SEQ ID NO:77 with the claimed expression pattem are not described. 
Applicants respectfiiUy disagree. 

Applicants maintain that in view of the combination of the fiinctional limitation that the 
claimed nucleic acids are more highly expressed in normal stomach tissue or normal lung tissue 
compared to stomach tumor or lung tumor, respectively, or that the isolated nucleic acids encode 
a polypeptide that is more highly expressed in normal stomach or normal limg tissue compared to 
stomach tumor or lung tumor, respectively, and the limitation that the claimed nucleic acids have 
a specified degree of homology to SEQ ID NO: 77 or hybridize to SEQ ID NO: 77, there is not 
substantial variability within the species which fall within the scope of the claim. Apphcants 
note that the lack of substantial variability for the instant claims is analogous to the situation in 
Example 9 and Example 14 of the written description training materials where the written 
description requirement was foimd to be satisfied. 

In Example 9 of the written description training materials, the written description 
requirement was found to be satisfied with respect to claims reciting polynucleotides which 
hybridize to particular nucleic acids under stringent conditions even though the specification did 
not contain a working example clearly demonstrating the existence of homologous nucleic acids. 
In Example 14 of the written description training materials, the written description requirement 
was found to be satisfied for claims relating to polypeptides having 95% homology to a particular 
sequence and possessing a particular catalytic activity even though the applicant had not made 
any variants. Furthermore, while Applicants appreciate that actions taken by the PTO in other 
applications are not binding with respect to the examination of the present appHcation, 
Apphcants note that the PTO has issued many patents containing claims to variant nucleic acids 
or variant proteins where the applicants did not actually make such nucleic acids or proteins. 
Representative patents include U.S. Patent No: 6,737,522, U.S. Patent No: 6,395,306, 
U.S. Patent No: 6,025,156, U.S. Patent No: 6,645,499, U.S. Patent No. 6,498,235, and U.S. 
Patent No. 6,730,502 which are attached hereto as Exhibits 5-10. 
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Furthermore, Applicants again note that the present claims pertain to the field of 
recombinant DNA/protein technology. It is well established that the level of skill in this field is 
very high. Accordingly, the teaching imparted in the specification must be evaluated through the 
eyes of a highly skilled artisan as of the date the invention was made. Also, variant 
polynucleotides and variant polypeptides are described in the specification at paragraphs [0199]- 
[0220]. Variant polypeptides are also discussed at paragraphs [0256]-[0271]. Furthermore, 
Applicants maintain that the determination of whether a polynucleotide is more highly expressed 
in one tissue compared to another entails routine methodology such as Westem Blotting, 
Northem Blotting or PGR. 

As discussed above, Applicants maintain that in view of combination of the functional 
limitation and the limitation that the claimed nucleic acids have a specified degree of homology 
to SEQ ID NO: 77 or hybridize to SEQ ID NO: 77, there is not substantial variability within the 
species which fall within the scope of the claim. In view of that combined with the description in 
the specification and the high level of skill in the art. Applicants submit that one of skill in the art 
would recognize that Applicants possessed the invention as claimed in the instant claims. Hence, 
Applicants maintain that the written description requirement is satisfied and Applicants 
respectfiilly request that the PTO reconsider and withdraw the written description rejection xmder 
35U.S.C. §112. 

Reiection under 35 U,S.C, 8102(b) - AnticiDation 

Claims 1-8, 11-14 and 16-20 remain rejected under 35 U.S.C. § 102(b) as being 
anticipated by WO 01/16318 and WO 00/12708. 

The cited reference WO 01/16318 is the PCX publication of priority application 
PCT/USOO/23328 filed August 24, 2000. Apphcants are entitled to the benefit of priority to 
PCT/USOO/23328 because the data in Example 18 were disclosed in PCT/USOO/23328. As 
discussed above, the instant claims have utility based upon the data in Example 18. Therefore, 
because the claims are entitled to the filing date of August 24, 2000, WO 01/16318 is not prior 
art under § 102(b). 

WO 00/12708 was published on March 9, 2000, which is less than one year before the 
filing of priority application PCT/USOO/23328 (August 24, 2000). Again, PCT/USOO/23328 
discloses the differential expression data which provides utility for the instant claims, and 
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Applicants are entitled to the filing date of August 24, 2000. Therefore, WO 00/12708 cannot be 
cited under § 102(b). 

In view of the above discussion, reconsideration and withdrawal of the rejection under 
§ 102(b) is respectfully requested. 



In view of the above, Applicants respectfully maintain that claims are patentable and 
request that they be passed to issue. Applicants invite the Examiner to call the undersigned if any 
remaining issues may be resolved by telephone. 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 1 1-1410. 



CONCLUSION 



Respectfully submitted. 



KNOBBE, MARTENS, OLSON & BEAR, LLP 





Marc T. Morley 
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Attorney of Record 
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Figure 6-3 Genes can be expressed 
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transcribed and.trvKiaxod much more 
efficient^ tKan gene BwThls allows the 
amount of protein A (n the cell to be 
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FROM DNATO RNA 

Transcription and translation are the means by which cells read out| or escpress^ 
die genetic instructions in th^ genes. Because many identical BNA copies can 
be made from die same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary But each gene can also be transcribed and 
translated with a different efficient alio wing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
ihe next chapter, a cell can change (or regulate) the es^ression of eadi of its 
genes according to tiie needs of the moment— most obviously by controlling 
the production of its RNA. 

Portions of DNA Sequence Are Transcribed into RNA 

Ihe first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular p ortion of Its DNA nudeotide sequence — a gene— into an 
RNAnudeotide sequenca The informationinRNA, altiioi^ copied into another 
chemical form, is stOl written in essentially the same language as it is in DNA— 
the language of a nudeotide sequence. Ifence the name transcxlptionu 

Like DNA| RNA is a linear polymer made of four different types of nudeotide 
suburdts linked together by phosphodiester bonds CFigure 6-4). It differs from 
DNA chemically in two'* respects: (1) the nudeotides in RNA are 
ribomideottdes—thsX is, they contain the sugar nbose Chence the name ri^nu- 
deic add) rather than deoj^ribose; (2) although, like DNA, RNA contains the 
bases adenine (A]» guanine (GD, and q^osine {Q, it contains the base uracil (U) 
instead of the tbys^ (T) in DNA. Since U, like X can base-pair by hydrogen- 
bonding with A (Figure &-6), the complementary base-pairing properties 
described for DNA in Qiapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U)« It is not uncommon, however, to firiid other types of base 
pairs in RNA: for example, G pairing with U occasionally. 

Despite these snudl chemical differences, DNA and RNA differ qidte dra- 
matically in overaU structure. VflbierBas DNA always occurs in ce^ 
stranded heUx, RNA is single-stranded. RNA diains therefore fold up mto a 
variety of siiapes, Just as a polypeptide chain folds up to form the filial shape of 
aprotein {Figure&-6). As vre see later in this diapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic fonctions. 



Transcription Produces RNA Complementar/ to 
One Strand of DNA 

All of the RNA in a cell is made by DNA tran5cription> a process that has cer- 
tain similarities to the process of DNA replication discussed hi Chapter 5. 
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Figure 6-89 Frotein a^gregaties that cause human disease. Schematic Qlustratlon of the type of 
conformational change In a protfifn that produces materfal for a cross-beta tUamenc. (B) Diagram llluscratii% 
the self-Infectious nature of the protein aggregation that Is central to prion dUeases. PrP Is M^V unusual 
because the mWbWed version of the proteinjCaBed PiP*. Induces the nbrroa! PrP protein it contacts- to 
change Its confomnation,as shown. Most of the human diseases caused b/ protein aggregation are caused by 
the overproduction of a variant prcieto that is especially prone to ag^negation. but because tWs structure 1$ 
not infectious In this way. H cannot spread from one animal to another. (Q Drawing of a cross-beta filament, 
a common of protease-resistant protein aggregate found in a variety of huntan neurolo^ diseases. 
Because the ii/dragen-bond interactions in a P sheet form betvveen polypeptide backbone atoms (see F^re 
3-9), a number of dHferent abnojmalfy folded prote&is can produce this structure. (D) One of several 
possible models for the conversion of 1^ to PrP*. showing the likely change of two Ophellces into four 
P-s9ands.Althoi;f^ the structure of the normal protein has been determined accurately, the structure of the 
infectious form li not yet known widt certainty because the aggre^tion has prevented the use of standard 
straotural tachnlquef . (C, courtssy of Louise Serpen, adapted from M. Sunde et aL. JL BkL 273:729-739, 
1 997; a adapted from S.B. Phisin er. Trsndli Bfocftem; SeL 2 i :482-487, 1 996.) 

smimaU and humans. it can be dangeious to eat tiie tissues rfanlmals ttiat con- 
tain Pi^, as witnessed most recently by the spread of BSE (commonly referred 
to as the '^d cow disease") from cattle to humans in Great Btitaixt 

Fortunately, in liie absence of FrP\ PrP is extraordinarily dif&cult to convert 
to its abnormal form. Although very few protons have die potential to misfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious 'protein-only inheritance" observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different types of chemical reac* 
dons are required to produce a properly folded protein fi:om the information 
contained in a gene (Figure 6-90). llxe final levd of a properly folded protein in 
a cell therefore depends upon the efBciency with ^ch each of the many steps 
is performed. 

We discuss in Chapter 7 that cells have the ability to change the levels of 
tli^inoteins according to their needs. In principle, any or all of ^e steps inFig- 
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Figure ^90 The production of a 
protein by a eucaryotic cell.The final 
level of each protein in a eucaryotic cell 
depends upon the efRdenqr of each step 
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uxe $-90} coiiid be regulated by the cell for each individual protein. However, as 
we shall see in Chester 7, &e imtiatton of tcansci^>don is die most common 
point for a ceU to regulate die expression of eadi of its genes, lliis makes sense, 
inasmuch as die most efficient way to keep agene fiDombdng esqpressed is to 
block die very first step-the tianscdpdon of its DNA sequence into an RNA 
molecule. 

Summary 

The translation ofOie nudeotide sequence of an mBNA molecule into protein takes 
placeinthecytoplamonalargerlbonwSeo^ 

amino adds used for protein synthesis are first attached to a fumUy of eSA£4 
niokcules,eadiofwhichrecognissesMl^complementaryhase''pair interact 
tiadar sets of three nucleotides inihewBNA (codonshThe sequence of nucleotides in 
&ie mRNA is then read from one end to the other in sets of three according to (to 
gisneticcode. 

To initiate translation^ a smaU ribosomalsubunit binds to ^mRNAmolecule 
at a start codon (AJOW that is tecosnized by a unique initiator tBNA molecule. A 
large ribosomal subunit binds to complete the ribosome and b^n the dotation 
phase of protein ^^lesis. During this phase, aminoacyl tRNAsr-each bearing a 
spec^aminoacidbindsequentiailytotheappropriatecodoninmEmbyprmlng 
complementary base pairs with the tRNAanticodon. Bach amino add is added to the 
Oterminal end of flue growing pofypeptide by means of a cyde of three sequential 
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RgUM 7-5 Six steps at which 
eucaf7otic gene expression can be ' 
oontrolled. Controls that operate at 
steps I through 5 are discussed ip ;this 
chapter. Step 6, the ragubtion of protein 
actMty, f ndudes reversible acdvadon or 
inactWatlon h/ protein phosphorylation' 
(discussed in Ciiaptar 1) as weS as 
irreversible Inacdvation proteolytic 
dflgmdatton (discussed In Chapter Q. 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DMA to RNA to Protein 

If di£feiences among the various cell types of an organism depend on the partic* 
ular genes diat the cells express, at v^at level Is the control of gene eiqpiessipn 
ex^cised? As we saw In die last chaptei; there are many steps in the patiiway 
leading from DNA to protein, and all of them can mpxindple be regulated. Hius 
a cell can control the proteiris it makes by (U controlling v^en and how often a 
given gene is transcribed (tramcriptional control}, (2) controlling how the BNA. 
transcript is spliced or otherwise processed (JsHiA, processing control}, (3) 
sdecting wiiich completed mRNAs in the cell nucleus are esxponed to the cytosol 
and determining where in the cytosol they are localized CRNA transport and 
localization control), (4) sdectingi/dilch mRNAs in the cy^plasm are translated 
by ribosomes (tianslational controQ, (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm CmBNAd^;radation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made protein activity control) CFigure 7-5). 

For most genes transcr^»tional controls are paramount This makes sense 
because^ of an the possible control points iliusttated in Figure 7-5, only tran- 
scriptional control ensures that Hib cell w01 not synthesize superfluous interme- 
diates. In ihe following sections we discuss die DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 
expression. 

Summary 

The genama of a csff conUOns In Us DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses onfy a 
fraction qfits gmes, and the different types of cells In multicellular organisms arise 
because diffsreniselsofgenes are expressed. Mojeom cells can c^^ 
of gerwsOiey express In response to ihansBs in Uv^envlrmu^ 
from other cells* AMiou0i aU of the steps tmndued in expressing a gene eon in prin^ 
^ple be regulated, for most genes the initiation t^Rmpmscriptlan Isthemast 
\ important point of control 



I DMA-BINDING MOTIFS IN GENE REGULATORY 
! PROTEINS 

L How does a cell determine which of its thousands of genes to transcribe? As 
I mentioned briefly in Chapters 4 and 6, ^e transcription of each gene is oon- 
I trolled by a regoUttoty region of DNA relatively near the site where transcription 
|.begins. Some regulatory regions are simple and act as switches diat are thrown 
r;by a single signal Many others are complex and act as tiny microprocessors, 
^e^onding to a variety of signals that they interpret and integrate to switch the 
neighboring gene on or off. Whether complex or simple» these switching devices 



DING MOTtl^ IN GENE REGUIAPORY PROTBIMS 



379 



ocoir in the geim line, the ceH llnedge that gives li^^ 
the DNA in vertebrate germ cells is inactive and highly methylated. Over long 
periods of evolutionary time, the mediated CG sequences in diese inactive . 
regions have presumably been lost through spontaneous deamination events 
that were n:ot propezly repaired. Hofwever promoters of genes that remain active 
in the germ cell lineages (including most housekeephig genes) are k^t 
unmeth^tedi and ther^re spontaneous deaminatiox^ of CS that occor vfUbr 
in them can be accurately repaired. Such regions are preserved in modem day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the - i lfwwT i iitfiTA 
genome that destroyed the function or regulation of a gene'in the adult would be 
sele cted against and some CG islands are simply die result of a highor tfaaniior- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islandis. Most of 
the islands made the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient ivay of identify- 
ing genes in the DNA sequences of vertebrate genomes. 



Summary 

The many types of cells In animals and plants are created largefyjthrousftmeeha^ 
nisms that cause different genes to be transcribed in di^ent ceUs, Since many 
specialized animal cells can maintain their unique character through many cell . 
division ^cles and even when grown in culture, ihe gene n^ulatory mechanisms 
irpmlved in creatir^ them must be stable once established and heritable Mtd^ 
c^'divide& These Matures endo wtheceU Xffith a memory dfits developmen tul history. 
Bacteria and yeasts provide unusually accessible model systems m which to study 
gene regujatory medsanisms. One such mechanism inucHues a competitive interdC' 
Hon between twogenereguUOory proteins, each of which inhibits tfie synthesis of the 
other; ^is can create a flip-flop switch that switches a ceU between two altemaUve 
patterns of gene expression, Direct or indirect positive feedback loops, which enable . 
gene regtdatory proteins to perpetua te their own synthesis, provide a general mechr 
anismjbr cell memoryL NegaUrfefeedlmk loops udffi progfanuned delays Jbrm the 
basis far celluksr docks. 

hi eucaryotes the transcription of a gene is generally controlled bycomldnatUms 
of gene r^fdatory proteins. It is thou^ that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene reg^datory protons that ensures 
tlie expression of only ^se genes appropriate to ^uU type of cell A^veng0ne regu- 
latory protein may be active in a variety of circumstances €md typically is involved 
in the regulation of many genes. 

In addition to dfffhsible gene regulatory proteins, ittherited states ofdmmatin 
condensation are also used by eucaryotic ceQs to regulate geneexpression. An espe- 
daily dmmaUc case is the inactivation of an en^Xchromosome in female mam- 
mals. In vertebrates DNA methylatlon also fimctions in gene r^^ulation, beingused 
mainly as a device to reinforce decisions about gene expression that are made ini- 
UaUy by other mechanisms. DNA methylation also undetUes Uie phmomenon of 
genomic imprinting in mammals, in which die ejqnession <^ a gene depends on 
whether it was inherited from the mother or the father. 
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Figure 7-^96 A medtanisin to explain 
both the marioad overall deficiency 
of OG sequencesand their clu«tering 
Into CG islands In .vertebrate 
genomes* A tkdk fine ifiarks the (ocatlon 
of a CQ drnudeotrde b the DNA 
sequenea, while a retf "Idlipop** tndlcatas 
the presence of a maiM sroup on the 
CG dinudeotlde. CG sequences that lie In 
raguhtorx sequences of genes that are 
transcribed in germ cells are unmeditated 
and therefore tend to be retained In 
evolution. Methylated CG setpenoei^on 
the o|her hand, tend to be lostthroi^ 
deamfaiatlon of 5-metfa)rl C to T unless the 
OG sequence Is crfclcal for survhoL 



POSTTRANSCRIPTIONAL CONTRQLS 

In principle, every step required for tlie process of gene expression could be 
controQed. Indeed, one can fibnd examples of each type of tegiulation, although 
any one gene is likely to use only -a few of tiliem. Controls on the initiation of 
gene transcription are die predominant form of regulation for most genes. But 
other controls can act lat^ in the pathway from DNA to protein to modulate 
die amount of gene product that is made. Although these posttranscriptional 
controls, v^ch operate after RNA polymerase has bound to the gme's promoter 
and begun BNA synthesis, are less common than transcriptional control for 
many genes they are cmdaL 
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Regulation of transcription 



tii^ phenDiypSc dilTerencts IImi iliMiuguish the 
^.^rious titiuls or ivils in n higher vufcnryutf are 
fni^ely due to' dilTrrrDCvs 'Sii the v^prvssloii of 
tfiies tbnl code tnr pniieins. tlint is. tho.se (ran- 
^bed by RNA polyinfresf 11. hi prindpte. ihf 
fjcpressloii of (Iie^t* {ivncj: ini^hf he if^ulaied al 
any one of s<rvei^l sMi^rs. Tl>e concept of ilie 
*lrtfcl of controP implies thni ^ene expression 
' is ttoi necessarily an aiKontaile p4xiress once it 
tas begun. II could In* rr^iilaled In' a ^e- 
jpecinc u^y al siiy one or .several sequential 
ilc|is. We can tli5linf uisli <nt \tHM) five potrn- 
tlal ciuitfol points, fiiriiiiiip llie arriess 

ArtivaUmi or ^nr sinMiuiv 
i 

'ImOaiian «r Iransnipiini) 
4 

FniiTXSing IIh* Intii^'ipj 
I 

iTraitfpoit to eytopliism 
i 

Tfatidaltiin of inHNA 

Hie e.vfMriirr of Ihr flrsl step is inipllril by 
ihf (Hsroveiy ihal ^eiifj; idhv exisi Iti either of 
im» atnivturttl cnnditiuii5. Ilrlnilvc tv Ihe 5lale 
(if most ol Die jrrnnDie, ^eiie^ ore foiitid In 
mi "aiiive* Male m ilie i*ells In wTiUMi Ibey 
anr expn»ssed (see Chapter tz), Tl\e rlvange cT 
sUttiiure 1$ disUnci tmm ilie hci oC irnnscrip. 
lioo« and Indicates dial the gene is Iranscrib- 
able." This suegesis that acquisition of (be 
^active* siructure musi be the first step In gene 
eicprcssion. 

transcription of a gene In the active stale is 



controlled al the stage of imlUition. ilial 1$. by 
the liUfi-actiDn of ANA polymerase with iis pni- 
inoier. 1lils Is tw becoming suscfptihle to 
ortAlysis In <lie iti rittxk s^istejiis isfr Cl^^ptcr 
For ruosi ^ene». this Is a nialor control 
polni: pral»taly it is the most ciniiinoit le^vl of 
re^iilalloii. 

There Is at present ito e\*5deuce for conti>ol 
at subsequent stages of transcription in eul^ar^^* 
otic cells, for rxoiiiplcb antitermlnalion 
mechanisms. 

The prfiuavy transcript Is lUMlihed by capping 
at the A end. and usually also by polyadenyla* 
tion at the 9' end, hurons must 1)C spUccd out 
fruiu ihe iranscrlpis of htierrtipitd genes. Tlie 
maiuir ANA nttisi he expoiicd rroin tlic nndeus 
Ui tl*ie o'*M*'^'i"* R«*pi4aiioii of gene ifxpression 
by selecilon of sequencea at tlie level of nuclear 
RNA ntl^ttt InviiU'e any ctr ail o^ iheae stages, 
but the vnc for wlikli u-^e hnvc most evidence 
concerns ehan; eit in spUcin^: some ^nes are 
esspnrssed by means uf nUeninilve splicing pat- 
terns npguliitluii c(>nlrol5 ihe type of pro- 
tein produrl {Stf Chapter ao). 

Finally, the )niiisi.-itlfln of au mHNA In the cyio* 
plasm can lie specincaliy controlled. Tliere Is little 
eiidencc for Ihe cmployinetti of litis medianlsm in 
aduU sumaiiV cells* Inil H tirtes occur in some 
embrxtMiic situa lions, as described hi Chnpter 7. 
^The mechnnlsm is presun^ed to involve ihe blKk- 
inf of imitation of iranslaiioti of sonte mftNAs by 
speciiic protein faciot^. 

But having acknowledsed thai control of gene 
expression can occur &i miUUpU stages, and 
thai production of RNA cannot tneviiably be 
equated uiih production of protein, it Is dear 
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that tht ovenvhcimbiB * majorilj oT regulfttooT 
. events occur at the inilialion of innscription. 
Resulailon or ttesue-specine gene iranscription 
lies al the hcarl of euUi)'otic differentialion; 
indeed, %ve see examples in Chapter \n 
which proUln$ llui rtfulaie embrjronic devel- 
opment prove 10 be Iranscriplion factors* A reg* 
ulatory transcription factor serves to proiidc 



common cDntrol of a large number of .target 
genes, aitd vre seek to answer tiro questions 
about this mode of regulation: wh^i id«imries 
the common target genes to the tninscripiion 
factor, and box is the activity qT the irnnscrlp- 
tion. racior itself rcguiaied in response to iiitWii- 
sic or extrinsic signals? 



Besponse elements idcnliry genes under coinnion 
regulation 



The principle that emerges ftom characterizing 
groups of genes under common tanlrat is that 
tho* share a pmaoier demcni that is ncognizid 
by o nffitatwy truntaipH<m Jkctor, An element 
that causes d gene to* respond to such a factor 
is calted a 'response element: examples are the 
HSE (heat sboclt response element), GRE 
(glucococtlcoid response element^ SRE (serum 
rcqmnse elemeiil). 

The properties of some Inducible transcription 
factors and the elements that thejr recognize are 
summarized In. Table 29.1. Besponse elements 
have tbe same general diaracteiislics as 
upstream eiemenu of promoters or entianceis. 
Thct coiUain short consensus sequences, and 
copies or the response elements found in dif^ 
fereni genes are closely related, but not neces- 
sarily IdenticaL The region bound by the factor 
extends for- a short distance on cither side of 



Table 29.1 Inducible lranscf:pi.on feelers bir.rf ic 
f cspoRso deiiiEnJs that Idcnt.f^- rjfcups cf r.fOinsieis 
ot cnhancars SLCjsci lacocrdinotc? ccrlrcl. 



Factor 



HeflthKk HSE 

GlueocortlMI CAE 

Pnocbot Bsiir TRE 

SeNm SHE 



CNflGAMMrCGNNQ HS7F 

TdQlMSMAnmcr Bmx^r 

TMCTCA APT 

0CATA7TAG6 SFF 



the consensus sequence, in promoters, the <t^ 
menis are not present at lixed distances from 
the sianpoinl, but* are usually <200 bp upstream 
of 11. The presence of a single element osuatt; 
is suillcieni to confer ihe-regnlatoiy r^v^- 
but sometimes there are multiple copies. 

Response dements may be located. bi P<^ 
moiers or In enhancers. Some igrpcs of elemcni^ 
are tarplcally found In one rather than the ^hc^ 
usuaUy an H56 Is Ibund In a promoter, wbilr ' 
GB£ is found in on enhancer. We assume 
all response elesnenu function by the ^ 
general prindtile. A scnc is nguiaied ^ 
lequeace oi Uie promoUr or enhdnctr ^ . 
rmgnized by a specific protein, ihs P'^^ 
Jundtons os a tmnscription factor nted^^ 
RNli poly^nmsc lo inlthu.' Active proton ^ 
auaiiabfe onfy under condiltom when the, 
to be expressed; its absence means that 
mottr^ is ftol aeHuaied by this pariicufar 

An example of a situation in whlcti 



genes are controlled by a single factor 
\ided by the heat shock response. This 



mtyi to a wide range of prokaryot^ 
eukatyoles and involves multiple ^"^^^ir 
gene expression; an bicrease in lemp^'^ 
turns olf transcription of some genes. 
tnnisoription of the heat shocV B^^'^p- 
causes changes fat the Iranslalion of ^ ^ 
The conbrol of the heal shock genes Uhif 
the dliferences between 'prolcaiyoi^ 
euiiao'otic modes of control In. bacttria, ^ 
Sigma faaor is synthesized that ^^^^ ^tf 
polymerase holoen^e to recognix<! ^ 
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Background: Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-l/Ly-6 family of 
glycosylphosphatldylinosltol (GPI)-anchored cell surface antigens. The purpose of the present study was to 
examine the expression status of PSCA protein and mKNA in clinical specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods: Immunohistochemical (IHC) and in situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia 
(BPH), 20 prostatic intraepithelial neoplasm (PIN) and 48 prostate cancer (Pea) tissues, including 9 androgen- 
independent prostate cancers. The level of PSCA expression was semiquantitatively scored by assessing both the 
percentage and intensity of PSCA-positive staining cells in the specimens. Then .compared PSCA expression 
between BPH, PIN and Pea tissues and analysed the correlations of PSCA expression level with pathological grade, 
clinical stage and progression to androgen-independence in Pea. 

Results: In BPH and low grade PIN. PSCA protein and mRNA staining were weak or negative and less Intense 
and uniform than that seen in HGPIN and Pea. There were moderate to strong PSCA protein and mRNA 
expression in 8 of 1 1 (72.7%) HGPIN and In 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, 
witii statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0.05. respectively). 
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen- 
independence (p < O.OS. respectively). In addition, IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpression. 

Conclusions: Our data demonstrate that PSCA as a new cell surface marker is overexpressed by a majority of 
human Pea. PSCA expression correlates positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence, and 
speculatively with prostate carcinogenesis. PSCA protein overexpression results from upregulated transcription 
of PSCA mRNA. PSCA may have prognostic utiDty and may be a promising molecular target lor diagnosis and 
treatment of Pea. 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer inaeasing in China. Despite recendy 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos> 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identifxcadon and charaaerization 
of potential new therapeutic targets on Pea cells. Cunent 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a lack of spedfic tar- 
get antigens of Pea. 

Aldiough a number of prostate-specific genes have been 
identified (i.e. prostate specific antigen, prostatic add 
phosphatase, glandular kallikrein 2), the majority of Uiese 
are secreted proteins not ideally suited for many immuno- 
logical strategies. So, the identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea. 

Reiter RE et ai [1] reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly prostate spedfic. The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs 
to a member of the Thy-l/Ly-6 family and is anchored by 
a glycosylphosphaiidylinositol (GPI) linkage. mRNA in 
situ hybridization (ISH) localized PSCA expression in nor- 
mal prostate to the basal cdl epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cdls. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemistty (IHC) and in situ hybridization (ISH) 
simultaneously, and conducted PSCA protdn and mRNA 
expression analyses in paraffin-embedded tissue speci- 
mens of benign prostatic hyperplasia (BPH, n = 20), pros- 
tate intraepithelial neoplasm (PIN, n = 20) and prostate 
cancer (Pea, n » 48). Furthermore, we evaluated the possi- 
ble correlation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independence. 

Materials and methods 
Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained firom 80 patients of 57-84 years old by prostate- 
ctomy, transurethral reseaion of prostate (TURP) or biop- 
sies. The patients were dassified as 20 cases of BPH, 20 
cases of PIN, 40 cases of primary Pea, induding 9 patients 
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with recurrent Pea and a history of androgen ablation 
therapy (orchieaomy and/or hormonal therapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-independent Pea patients prior to androgen ablation 
ueatment. Each tissue sample was cut into two parts, one 
was fixed in 10% formalin for IHC and the other u-eated 
witii 4% paraformaldehyde/0.1 M PBS PH 7,4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. All paraffin blocks examined were then cut into 5 
|im sections and mounted on the glass slides spedfic for 
IHC and ISH respectively in the usual fashion. H&E- 
stained section of each Pea was evaluated and assigned a 
Gleason score by the experienced urological pathologist at 
our institution based on the criteria of Gleason score [2]. 
The Gleason sums are summarized in Table 1. Clinical 
staging was performed according to Jewett-whitmore- 
prout staging system, as shown in Table 2. In the category 
of PIN, we graded the spedmens into two groups, i.e. low 
grade PIN (grade I - II) and high grade PIN (HGPIN, 
grade III) on the basis of literatures [3,4]. 

ImmunoMstochemical (IHC) analysis 

Briefiy, tissue sections were deparaffinized, dehydrated, 
and subjected to microwaving in 10 mmoI/L dtrate 
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 min to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshider Wuhan, 
China) witii a 1 ;100 dilution was applied to Incubate with 
the slides at room temperature for 2 h. Labeling was 
deteaed by sequentially adding biotinylated secondary 
antibodies and strepavidin-peroxidase, and localized 
using 3,3'-diaminobenzidine reaction. Sections were then 
counterstained with hematoxylin. Substitution of the pri- 
mary antibody with phosphate-buffered-sallne (PBS) 
served as a negative-staining control. 

mRNA in situ hybridization (ISH) 

Five-^m-thick tissue sections were deparaffinized and 
dehydrated, then digested in pepsin solution (4 mg/ml in 
3% dtric add) for 20 min at 37.5 "C, and further proc- 
essed for ISH. Digoxigenin-Iabeled sense and antisense 
human PSCA RNA probes (obtained firom Boshide, 
Wuhan, China) were hybridized to the sections at 48'*C 
overnight. The posthybridization wash with a high strin- 
gency was performed sequentially at 37" C in 2 k standard 
saline citrate (SSC) for 10 min, in 0,5 x SSC for 15 min 
and in 0.2 x SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anti-digoxigenin antibody at 
37.5 *C for 1 h followed by washing in 1 k PBS for 20 min 
at room temperature, and then to strepavidin-peroxidase 
at 37.5 'C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequentiy, the slides 
were devdoped with diaminobenzidine and then coun- 
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Table 1: Correlation of PSCA expression with Gleason score 



Intensity x trequenqf 



Gleason score 



0-6 (%) 



2-4 
5-7 
8-10 



5(83) 
19(79) 
5(28) 



J (17) 
5(21) 
13(72) 



Table 2: Correlation of PSCA expression with clinical stage 



Intensity ^ frequency 



Tumor stage 



W(96) 



9{%) 



2C 



27(67J) 
2(25) 



13(32^) 
6(75) 



terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring methods 

To detcnnine the correlation between the results of PSCA 
immunostaining and mRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by IHC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
ently experienced urological pathologists using Olympus 
BX-41 light miaoscopes. The evaluation was done in a 
blinded feshion. For each section, five areas of similar 
grade were analyzed semiquantitatively for the fraction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and intraobserver concordance. There was greater 
than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being the 
highest expression observed (0/ no staining; 1+, mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA with the primary antibody or 
hybridization probe, as follows: 0 = no staining; 1 = posi- 
tive staining in <25% of the sample; 2 = positive staining 
in 25%-50% of the sample; 3 = positive staining in >50% 



of the sample. Intensity score (0 to 3+) was multiplied by 
the density score (0-3) to give an overall score of 0-9 
(1,5]. In this way, we were able to differentiate specimens 
that may have had focal areas of increased staining from 
those that had diffuse areas of increased staining [6]. The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's t-test. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to androgen-indepcndence were 
calculated using Fisher's Exaa Test For all analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA 
mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and seaetoiy 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression In PIN 

In this study, we deteaed weak or negative e3q)ression of 
PSCA protein and mRNA scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 11 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 11 (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak stain- 
ing for PSCA protein (2 score) by IHC. Strong PSCA pro- 
tein and mRNA expression (9 score) were detected in the 
remaining 3 of 11 (27.3%) HGPIN, There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05). but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be 
detected in prostate cancers and if PSCA expression levels 
are inaeased in malignant compared with benign glands. 
Forty-eight paraffin-embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 specimens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall Pea 
expressed a significantly higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respectively). The 
result demonstrates that PSCA protein and mRNA are 
overexpressed by a majority of human Pea. 

Correlation of PSCA expression with Cieason score in Pea 

Using the semi-quantitative scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores = well-differentia- 
tion, 5-7 scores » moderate-differentiation and 8-10 
scores = poor-differentiation (7). Seventy-two percent of 
Gleason scores 8-10 prostate cancers had very suong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonsu^ating that 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses showed that PSCA protein 
and mRNA expression in several cases of poorly differen- 



tiated Pea were particularly prominent, with more intense 
and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor giadc 
in human Pea. 

Correlation of PSCA expression with clinical stage In Pea 

With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that PSCA expression 
inaeases significantly with advanced tumor stage in 
human Pea. 

Correlation of PSCA expression wfth androgen- 
independent progression of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained positive for PSCA protein and mRNA, Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9), compared with 
three out of eight (37.5%) of patients with androgen- 
dependent cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independence of human Pea. 

It is evident from the results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significantiy with inaeasing 
grade, worsening stage and progression to androgen-inde- 
pendence. 

Correlation of PSCA Immunostalning and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the 
results of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Importantly, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.c. scores of 0- 
4), suggesting that this may reflea positranscriptional 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunostalning 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA protein 
and mRNA e;q)ression. 
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Representatives of PSCA IHC and ISH staining in Pea (A. IHC staining. B. ISH staining. >c200 magnification). A„ B,: neptive con- 
trol of IHC and ISH. PBS replacing the primary antibody (A,) and hybridization with a sense PSCA probe (B,) showed no back- 
ground staining. Aj. B^: a moderately differentiated Pea (Gleason score = 3+3 = 6) with moderate staining (composite score - 
6) in all malignant cells: Aj: IHC shows not only cell surface but also apparent cytoplasmic staining of PSCA protein. A3, B3: a 
poorly differentiated Pea (Gleason score = 4+4 = 8) with very strong staining (composite score = 9) In all maK^ant cells. 
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Discussion 

PSCA is homologous to a group of cell suiface proteins 
that mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-specific in nor- 
mal male tissues and is highly up-regulated in both 
androgen-dependent and-independent Pea xenografts 
(LAPC-4 tumors). We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment In this study, 
IHC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
are widely expressed in HGPIN, the putative precursor of 
invasive Pea, suggesting that up-regulation of PSCA is an 
early event in prostate carcinogenesis. Recently, Reiter RE 
eial [1], using ISH analysis, reported that 97 of 118 (82%) 
HGPIN specimens stained strongly positive for PSCA 
mRNA. A very similar finding was seen on mouse PSCA 
(mPSCA) expression in mouse HGPIN tissues by Tran C. 
P ct al [8]. These data suggest that PSCA may be a new 
marker associated with transformation of prostate cells 
and tumorigenesis^ 

We observed that PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers, 
including advanced, poorly differentiated, androgen- 
independent and meustaiic cases. Fluoresccnce-aaivated 
cell sorting and confocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in 
Pea cells [9]. Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1 ) . One pos- 
sible explanation for this is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is aaually from the overlying 
cell membrane [5]. These data seem to indicate that PSCA 
is a novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e. poor differentiation), 
increased tumor stage and progression to androgen-inde- 
pendenee of Pea. These findings support the original IHC 
analyses by Gu Z et al [9], who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al 
[10], in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement In Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Hara H ct al 
[111 used RT-PCR detection of PSA, PSMA and PSCA in 1 



ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PGR indicated the prognostic value in the 
hierarchy of PSCA>PSA>PSMA BT-PCR, and extraprostatic 
cases widi positive PSCA PGR indicated lower discase-pro- 
gression-free survival than those with negative PSCA PGR, 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P et al [12] reported that elevated numbers of 
PSCA + cells correlate positively with the onset and devel- 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN +/- models com- 
pared with its normal prostates. Taken together with our 
present findings, in which PSCA is overexpressed from 
HGPIN to almost fi:ank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predict the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or dinical prognostic 
value in human Pea. 

Hie cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24-2 [1], which Is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis [13-15]. Interestingly, PSCA is in dose proxim- 
ity to the c-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17]. Reiter 
RE et al ( 18] reported that PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty), demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC coamplification in Pea. Gu Z 
et al [9] recently repotteted that in 102 specimens availa- 
ble to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expres- 
sion. Taken together with our findings, in which we 
deteaed moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the inaeased protein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be elud- 
dated. PSCA expression may be regulated by multiple fac- 
tors [18]. Waube T et al [ 19] reported that transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) [20], Homologues of PSCA have 
diverse activities, and have themselves been involved In 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in immature thymocytes 
[21], Thy-l is involved in T cell activation and transducts 
signals through src4ike tyrosine kinases [22], Ly-6 genes 
have been implicated both in tumorigenesis and in cell- 
cell adhesion [23-25]. Cell-cell or cell-matrix interaction is 
critical for local tumor growth and spread to distal sites. 
From its restricted expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal {i.e. 
anti-apoptosis) and/or proliferation [1]. Taken together 
with the results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through affecting cell transformation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overcxpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detection of PSCA-overexpressing cells 
in bone marrow or peripheral blood may identify and pre- 
dict metastatic progression better than current assays, 
which identify only PSA-posiuve or PSMA-positive pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression from 
HGPIN through all stages of Pea in a majority of cases, 
which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell dif- 
ferentiation], advanced stage and androgen-lndependent 
progression. PSCA protein overexpression is due to the 
upregulation of its mRNA transcription. The results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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Abstract 

Translation Initiation Is regulatod bi response to 
mrtrietit 4vaHfid)fll^ and mKogenIc stimidatlon and Is 
coupled wftti ceD cycle progression and ceQ growth. 
Several afterattons In trandatlonal control occur In 
cancer. Varlwit mRNA sequences can alter the 
transiatlonai efficiency of Incfivldual mRNA nwleculesi 
which in turn play a role in cancw biology. Changes in 
the expression or availability of components cf ihe 
translationaf madifaieiy and in the activation of 
translation through ^nal transduction pathways can 
lead to more global changes, such as an increase In 
Hie overili rate of protein synffiesis and translational 
activatkm of file mRNA molecules Involved in cefl 
growth ^d proDferaAlotv We review the basic 
principles of transiatlonai control, the alterations 
encountered in pancer, and selected therapies 
targetfaig translation Initiation to help elucidate new 
theiapeutio avtinies. 

Introduction 

The fbidamental principle of molecular therapeutics In can- 
cer Is to exploit the differences In gene expression tsetwean 
cancer cells and nomial cells. With the advent of cDNA an^y 
technology, most efforts have concentrated on identif^ng 
differences in gene expression at the level of mRNA, which 
can be attributable either to DMA amplification or to differ- 
ences In transcription. Gene expression Is quite complicated, 
however, and Is also regulated at the level of mRNA stability, 
mRNA translation, and protein stability. 

The power of tansladonal regulation has Iseen best recog- 
nized among developmental biologists, because transcription 
does not occur in earty emt»yogenesls In eukaryotes. Fbr ex- 
ample, in Xdnopus, the period of transcriptionai quiescence 
contHiues untO the embryo reaches mldblashJla transftlon, the 
4000-oell staga Therefore, ail necessaiy mRNA molecules are 
transcribed during oogenesis and stod^Qed In atnanslatfonally 
Inactive, masked fonn. The mFflsIA are transtaieonaify activated 
at appropriate tirnes during 00^ niaturation, fMlizati^ 



early embryogenesis and thus, are under strict franslational 
conlnil. 

Trsn^on has an estat>lish8d role In cell growth. Basl- 
caity, an Increase In proton synthesis occurs as a conse- 
quence of mitogenesls. Until recently, how^, little was 
known about the aHeratlons In mRNA translation h cancer, 
and much Is yet to be jcfisoovered about thdr role In the 
development and progression of cancer. Hers we reylew the 
basic principles of translattonal control, the altenatkxis en- 
countered fai canoeTv and selected therapies targetfrig transla" 
tkxi intt^n to eluddale potential new therapeutic avenues. 

Baste Pilnciplea of Transiatlonai Control 
Mechanism of Tfanslalfon M^Mn 
Translation IrdHaUon Isttie msJn step In tnanstsHorttit rsgutaHon. 
Treuislatlon Mtiafian is a conripfax pR30e^ In vWitoh the Mti^ 
tRNA and the 40S and 608 ribosomai eubuNts are recnjited to 
ttieS' endofamRNAmofeodeandassenrtbledbyeukaryotic 
translaUon initiatkm factors irto an 808 ribosooie at the 
codon of to mRI^(p|g. 1).The 5' end of eukaryotfo niRNA Is 
cappedi /.&, oontalro the cap stnxsture m^G^ippN (T^-mettryf- 
guanoslne-triphospho-S'^'ribonudeosk^ Most translation In 
eitoyotes occurs In a cap-dependent fiashkm, Aa, the cap is 
^sedficalV recognized the elF4E,^vvtHchbhKls the 5^ cap. 
The elF=4F trans^n initiation complex fs tfien formed by the 
assembly of elF4€, the RNA heScase elf=4A, and elF4G, a 
scaffbkiing proton that mediates the binding of the 408 ribo- 
sonial sut3unft to the mFtf^ mblecufe thrn^ InlerEction 
the elF3 prot^ present on the 40S ribosoma elF4A and eIRB 
partic^»Ke Iri nielling tlie aeoondsy stmchira of the 5' 
the mRNA. TTie 438 inittatton complex (40S/elF2/Met-«NA/ 
QTP complex) sc^ the mRNA in a 5'->3' direction until it 
encounters an AUG start oodon. This start codon Is then base- 
psdred to the anticodon of httiator tRNA, fonning ttie 488 initi- 
ation conriplex. The NHaftkmfiactors era then displaced fn^ 
488 complex, and tite 60S ribosome joins to form the 80S 
rttMsomOi 

Unlike most eukaryotic translation, translation Initiation of 
certain mRNAs, such as the plcomavtnis RNA, Is cap inde- 
pendent and occurs t>y Intenvd ritx)Some entry. This mecha- 
nism does not require elF4E EKher the 438 oomjito can bind 
the initiation oodon direcUy through' interaction witii the IRES In 
the 5' UTR such as in the enoephaloniyocarditis vlnis^ or It can 
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mammaSan t^et of ispamycin; ATM, ata)da tetangfectasia mu^ 
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Ffg^l, Translation inttlatkm h fiukaiyotas. ITie 4E-BP8 are hypen^ 
phorylated to relaase e]F4E so that it can Interact with ttia 5' cap. and the 
^F4F inittatton oomplex is assembled Ihe Memetfon of po^ 
pioteln wRh the InMatton oompfex and cftoitartzatlon of the mRMA ia not 
depicted in the cSagiam. The eeoonctaiy stiucture of the 5' urn is me^ 
the 40S ritx)soma} sutxjnH is boimd td elF3. and thte temaiy complex 
oonsistJngof elF2, GfTP. and the Met^RNAararecmitBd toihe mRNA.The 
itt)03on» scans the nriRNA in a 5'--*^' dBnsctfon untfl an AUG start 
fa found in the appropriate eet^ence context The InmaUon feotora are 
released, and the large ribosomal sutKtnit le racniKsd. 



InltfaRyattach to tiie IRES and then reach the iriit^^ 
scanr^ or transfer, as is the case wtth the poliovirus (1). 

Regulatton of TtanslaHon IniUaUon 
Ttanalation Initiation C:an t>e regulated by altmitions in the 
e}cprB88ion or phosphorylation status of the various factors 
involved. Key components In tremlatlonal regutettion that 
may provide potential therapeutic targets follow. 

elF4£. eiF4E plays a centre) role In translation regulation. 
It is the least abundant of the Initiation factors and Is con- 
sidered the nate-llmlting component for Initiation of cap- 
dependent transtation. eiF4E may also be Involved In mRNA 
spOdng* mRNA 3' processing, and mRNA nucfeocytoplas- 
oiG transport (2). elF4E expression can be Increased at the 
transcriptional level In response to serum or growth factors 
(3). elF4E overexpression may cause preferential translation 
of mRNAs containing excessive secondary structure in their 
5' UTR that are normaiiy discriminated against by the trans- 



lational machinery and thus are Inefficiently translated (4-7). 
As examples of this, overexpression of elF4E promotes In^ 
creased translation of vascular endothelial growth tactor. 
fibroblast growth fectDr-2, and cydin 01 (2. 8, 9). 

Another mechanism of control is the regulation of elF4E 
frftosphorylatioa elF4E phosphorylation is mediated by the 
mitogen-activated ivotein Idnase-lnteracting tdnase 1 , which 
is activated by the mitogen-activaited patiiway activating 
exiraoellular signal-related Idnases and the 8tres8-«:tivated 
pathway actbtg through p88 mitogen-activated protelh ki- 
nase (10-13). Several mttogensi such as serum, pfatelet- 
dwfved growtti tactor. epSdenml growtti factor, insuilnt 
angfoten^n II, src kinase overexpression, and ras over- 
expression, lead to eiF^ phosphorylation (1-9- The phos- 
phorylation status of eiP4£ Is usually conned with tfte 
translational rate and grov^ status of the cell; however; 
elF4£ phosphorylation has also been observed in response 
to some cellular stresses when translational rates actually 
decrease (IQ. Thus, firrtiier study is needed to understand 
the efiiects of eiF4E phosphorytation on eiF4E activity. 

Anotiier mechanism of regulation is the alteration of elF4E 
av^labllity by fbe binding of elF4E to the elF4&-blnd[ng pro- 
teins (4E-BP, also known as PMAS-0- 4E-BPs compete with 
eiF4Q for a binding site in elF4£ The bindir^ of eiF4E to the 
best characterized elRE4iindtng protein, 4E-BP1, Is regu- 
lated by 4E-BP1 pho8phorytalioaHypophosphprylat0d4E- 
BP1 binds to elF4E, whereas 4E-BP1 hyperphosphorylation 
decreases this t>inding. Insulin, angiotensin, epldemnal 
growth iaicitar, plateiet-derived growth facfor, h^satocyte 
growtii factor, nerve growtti factor. Insulin-like growtii factors 
I and li. interleuMn 3, prahuloc^e-macrophage colony-stim- 
ulating ftK:tor + steel factor, gefitrln, and the adenovims have 
all been reported to induce phosphorylation of 4E-8P1 and 
to decreese the abiOty of 4B-BP1 to bind elF4E (15, 16). 
Conversely, deprivation of nutrients or growth factcvs results 
in 4E-BP1 dephosphoryiation. an Increase in eiF4E binding, 
and a decrease In cap-dependent translation. 

p70S6 Kinase. Phospftorylation of ribosomal 40S protein 
86 by S6K Is thought to play an Important role In translational 
regulation. S6K mouse embryonic cells proliferate more 
stowly than do parental cells, demonstrating ttiat 86K has a 
positive Influence on cell proliferation (17). S6K regulates the 
trmislation of a group of mRNAs possessing a 5' terminal 
ol^opyrimkflne tract p' TOP) found atthe 5' UTR of rtt)oso^ 
protein mRNAs and otiier mRNAs coding for oomponents oT 
the translational machlneiy. Phoephorylaaon of S6K Is re^^ 
lated In part based on ttie availability of nutrients (18^ IQ and Is 
stimulated by several gnowtfi factors, such as pfatelet-derived 
growtti factor and InsulMike growtii factor I C^). 

elF2a Phosphorylation. The binding of ttie initiator VRNA 
to the small ribosomal unit Is mediated by translation initia- 
tion fector elF^ Phosphcsryiation of the a-subunit of elF2 
prevents fonnaiton of tiie elF2/QTP/l^-1f^ complex and 
IhhibHs global protein syntiiesis ^1, 22). eIF2a H phoepho- 
rylated under a variety of conditions, such as viral Infection, 
nutrient deprivation, heme deprivation, and apoptosis (22). 
elF2a Is pho^>horylaled by heme-rsgulated Inhibit, nutrient- 
regulated protein Idnase, and the IFN-induoed, double- 
stranded RNA-^vated protein kinase (PKR; Ref. 23). 
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The mTOR SgnaOi^ Pathway. The macrollde antibSotfo 
r^Kumydn (Sfralimus; Wyeth-Ayerst Research, CoOegeville, 
PA} has been the sutject of Intensive study because it In- 
hibits signal transduction pathways Involved In T-c^ activa- 
tion, lha rapamydn-sensftlve component of these pathways 
Is mTOR (also called FRAP or RAFT1). mTOR Is the mam- 
malian honrK>togue of the yeast TOR proteins that regulate 
progression and translation In response to nutrient avanabll- 
Ity (24). mTOR Is a serine-threonine kinase that modulates 
translatiad Initiation by altering the phosphoiylatlon status of 
4E-BP1 and S6K (Fig. 2; Ref. 25). 

4E-BP1 l8phosphoiylatedonmu)ttpleresiduee.mTORphos- 
phofylalestheThr-37andThr-^ residiws of 4E-BP1 in Wfro 
^ however, phoephorylatkm at these ^tes Is not a$^^ 
with a loss of elF4E bfaKfing. Riosphorylation of Ihr-^r and 
Thr-46 is neqtted for subsequent prfiosphorytation at several 
COOHrtBnmlnal, senmi-sensitive ^tes; a comttnaBon of these 
pii06f)lKNyf ation events appeals to be needed to inhibit ttie 
binding of 4E-GP1 toeF4C(2^Theproductofthe>47Afgm, 
pSa/MSKI pathway, and protein ldrtteeC<r also 1^ a role In 
4E*BP1 phosphorylation ^7«-29}. 

S6K and 4E-BP1 are also regulated, in part by P13K and Its 
downsti'eam protein Idnase Akt PIB^ is a phosphatase Uiat 
negatively regulates Pi3K signaling. PTEN nuO cells have 
oonstitutlvelyactiveofAkt, with increased SSKacti^and 
S6 phosphoryiatton (3(9. $6K activity Is Inhibited both by 
Pf3K inhibitors wcrtmanrtin and LYa94002 and by mTOR 
Inhlt^r napamycin (24). Akt phosphorylates Ser-2448 In 
mTOR In vitro, and this site is piiosphorylated upon Akt 
activation In vivo 01-^). Thus, mTOR Is regulated the 
PI3K/Akt pathway; however, this does hot appear to be the 
only mode of regulalion of mTOR activity. Whether tiie Pi3K 
pathway also regulates S6K and 4E-BP1 phosphorylation 
independent of mTOR is controversial. 

Interdstingly, mTOR autophosphor^on is blocked by w(Mt- 
nriannln but not tiy rapamydn TTiis seeming inoonsteter)^ 
suggests that mTOR-iesponslve regulation of 4E-BP1 and S6K 
activity occuis through a mechanism other than Intrinsto mTO 
Idhaseactivity. An aitenrate pathway for 4E-BP1 and S6Kphos- 
phoryfatton by mTOR aca^rfty Is by the Inhibltfon of a phosfte- 
tasa Treatment with calycuiin A, an inhibitor of phosphatases 1 
and 2A, reduces rapamydn-induoed d^hosphoryiation of 4E- 
BP1 and S6K by rapamydn (35). PP2A interacts with fufi4ength 
S6K but not with a S6K mutant that is resistant to dephospho- 
rylatfon resulting from rapamydm mTOR phosf^iorytates PP2A 
In vHio; however, how this process alters PF2A activiiy is not 
knovim. These results are consistent with the model that phos- 
phorylatton of a phosphatase by mTOR prevents depiiospho- 
ryiatlon of 4E-BP1 and S6K. and conversely, that nutrient dep- 
rlvattonand rapamycin bkx:k inhlbitkxi of the phosphatase by 
mTOR. 

Pdyadenylaiion. The polyW tali in eukaryotic mRNA Is 
Impoitant In enhancing translation Initiation and mRNA sta- 
bility. Polyadenyiation plays a key rde In regutating gene 
expres^on during ooger^esls and eariy embryogenesls. 
Some mRIMA that are transiationaliy inactive in tiie oocyte are 
polyadenylated concomitantly with transtational activation in 
oocyte maturation, whereas other mRNAs that are transla* 
tlonaliy active during oogenesis are deadenyiated and trans- 
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(mRNAs wiAldi^ Binictiired 5" UTRs) 

Hg. 2. Regulation of transteUon inttiatkm by s^nal transduction pafii- 
ways. SIgnafing via p3S. extraceOular sfgnal-relBtsd kinase PI3Ki and 
mTOn can an adivats transtafkm hittaikMu 



lationaliy silenced (36-^. Thus, control of poly(A) tall syn- 
thesis is an important r^atoiy step in gene expression. 
The5'capandpo1y(A) tail are thoi^ to function synergis- 
ticaliy to regulate mRMA transIationaJ efficiency (39, 40). 

RNA Packaging. Most RMA-blnding protelne are assem- 
bled on a transcript at the time of transcripfloh. thus deter- 
mining the transtational fate of the transcript (41). A highly 
consented family of Y-box proteins Is found In cytoplasmic 
messenger ribonucieoprotein particles, where tiie proteins 
are thought to play a role in restricting the recruitment of 
mRNA to the transiatlonal machinery (41-43). The n«dor 
mRf^-associated protein, YB-1, destabaizes the interaction 
of elF4E and trie 5' mRI^IA cap in vitxK and overaxprassion of 
YB-1 resiAs in translationa] reprassTon in vivo (44). Thus, 
alterations in RNA pad^aging can also play an important role 
In translational regulation. 

Translation AHefaSona Encountered in Cancer 

Three main alterations at the Iranslatlbnal level ocdr in cancer 
variations in mRi^ sequences that Increase or decrease tnstns- 
lational efficiency, changes In the ejqxession or avaBabBHy of 
components of the translational machinery, and activation of 
translation through aberrantly activated signal transduction 
pathways. The first atteratlon affects the translation of an Ind- 
vidual mRNA that may play a role m carcinogenesis. The sec- 
ond and thini alterations can lead to more global changes, such 
as an increase in the overaB rata of protein synthesis* and the 
translational activation of several mRNA qpedes. 

VarfaOons In mRNA Sequence 

Variations in mRNA sequence affect the translational effi- 
ciency <tf the transcript A brief description of these variations 
and examples of each mechanism follow. 

Mutations. Mutations In the mRI^ sequence, espedaily 
in the 5' ITTR, can alter Its translational efiiclency, as seen In 
the following examples. 



anyc Saltoef af. propel that translation of fulM^ 
o^yc is repressed, whmas In several Binldtt lymphomas 
that have deletions of the mRNA5' UTR, translation cfOHinyc 
b more efficient (46). More iBcentVf vkm reported ^ 
S' iXTR of o-fv^ contains an IRES, and thus o-myc tansla- 
tfon can lie Initbded by a cap-Independent as well as a 
cap-dependent mechanism (46, 47). tn patients with miidtlple 
myeloma* a C-^T mutation In the o-myc IRES was Identified 
and found to cause an enhanced Inftlatfon of translation 
via internal iit)08oma] entry (48). 
. BACMf. Aeomatic pofrtt mutatiori ai7 Q*^C) in position 
-3 with respect to 0)e start codon of the BACMT gene was 
Identified In a highly aggressive sporadic breast cancer (50). 
Chimeric constructs conslstir^ of the wild-type or mutated 
BRCA1 5' UTR and a downstream ludferase reporter dem* 
onstrated adecraase in tfietranslaAjonal effldemiy with theS' 
(HT) mutation. 

Cyt^On-dopendent Klnas0 Iniayiior 2A. Some Inherited 
melanoma kindreds have a Qh*J transyerslon at base -34 
of cycOn-dependent kinase fnhibltor-2A, whk:h encodes a 
cyclln-dependent kinase 4/cyclln-dependent kinase 6 kinase 
Inhibitor Important In checkpoint regulation (51). This 
inutatton,.glves rise to a novel AUG translation Initiation 
oodon. creating an upstream open reading tone that oom- 
petes for scanning ritsosomee and decreases translaition 
from the wRd-type AUG. 

AHamate SpOdng and Altemate Transcription Start 
sues. Afteiatibns In spiking and altemate trEuisa^3tk)n sites 
can lead to variations in 5' LiTR sequence, length, and s 
aiy stnjcture, li^timideV inripacting transl^^ 

ATM TheA7Mgeneha8f6urnorioodingexm)3inits5' 
(JTR that ifftdergo extensive alternative spOdng (52). The 
oontents of 12 different 5' UTRs that show cor^lderable 
diversity In lengtii and seq uence have been kientified. These 
divergent 5' leader sequ^ces play an Important rele in the 
translational regulation of the ATM gene. 

mdnh lnasut)setoftumore, overexpresstonof theonco^ 
protein mdin2 results in enhanced translation of the mdm2 
mRlsiA. Use of different promoters leads to two mdpn2 tran- 
scripts mat diffier only in their 5' leaders (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRNA Is loaded with ribosomes Ineffidentty compared with 
the short 5' UTR. 

BRGA1. In a normal mammary gland, BRCA1 mRNA is 
expressed wtthashorter leader sequence (5'UTRa), whereas 
In sporadk; breast canoertissue, BRCAt mRTIA Is expressed 
with a tonger leader sequence (5' UTRb); the translationa] 
efficiency of transcripts containing 5' UTRb Is 10 times lower 
than that of transcripts containing 5' UTRa (54). 

TC^pX TGF-ps mRNA Includes a 1.14(b 5' UTR, whk;h 
exerts an Inhibitory effect on translation. Many human breast 
cancer can Bnes oontaki a novel TGF-133 trar^cript mth a 5' 
UTR that is 870 nudeotidee shorter and has a 7-fold greater 
transiatiaial effteiency than ttte nomnal TQF-pS mRNA (55). 

Alternate Polyadenylaiion Sites. Multiple polyadenyl- 
atk>n signals leading to the generation of several transcripts 
vdUi differing 3' UTR have t>een described for several mRNA 
speciee. such as the RET proto-oncogene ATM gene 
(S2), tissue inhibitor of metalloprotelnases^ (57), RHOA 



preto-oncogene and caimoduiln-l (59). Atthough ttie 
effiect of these aitem^ 3' UTRs on translation Is not yet 
known, they may be important in RNA-proteIn IntarBucllons 
tiwt affect iransiatibnal recrullrnent The role of these alter* 
ations In cancer devetopment and progresstoh is unknown. 



AUem^ms In the Components of the 
TmnslaUon Machlneiy 

Aitmtions In the components of translation machinery can 
take many forms. 

Overexpresssion of elF4E. Overexpression of elRE 
causes malgnant transfonmation In rodent ceils ^0) and tiie 
deregulation of HeLa cell growtii (61). Pokmovsky et at (62) 
found tiiat elF4E oversxpressI(»i substitutes for serum and 
IndivMua! grewtii fectore In preserving vlabnity of fitnoblasts, 
which suggests ttiat elF4E can mediate both proitftaUve and 
survival signalfrig. 

Elevated levels of elF4E mRNA have been found in a broad 
spectmrn of transfbnned ceO Ones (63). eiF4£ lev^ are 
elevated in all ductal can^oma In shu specimens and inva- 
de ductal carcinomas, compared \A^h benign breast spec- 
imens evaluated wfti) Western btot an&dysis (64, 6^. Prelim- 
Inary studies suggest that th^ overexpresskM) is ati^ibutaUe 
to gene oni^lflcation (6^. 

Tbere are aocumulatir^ data euggesting thsft eiF4E oversK- 
presskxi can be valuable as a prognostic marioer. dF4E over- 
expresskm was found In a retrospective study to be a marker of 
poor prognosis In stages I to in braast carcbioma (67). Verificft- 
tk)n ctf ^ prognoSUc value of elF4E in breiast cancer Is now 
under way In a prospective trial (67). However, m a different 
study, ^F4E expresston was conelatad with the aggressive 
behavkr of non-Hod^'s lymphomas (6^. in a prospective 
analysis of pati^ with bead and neck cancer, elevated levels 
of elF4E (n histobgk»% tunmr-lree sugteal mar^ns predteted 
a sigrdfkantly Increased risk of locaf-regkanal racmenoe 0). 
These results aH suggest titat dRE overax p resston can be 
used to select patierits who nrdght k^eneiftltam inore aggress 
systemic there^.Furttiennore. the head and neck cancer data 
suggest tiiat eiF4E cverexpressksn Is a field defisct and can be 
used to gukle kxxii therapy. 

Afterattons In Ottier initiation Factors. Alterations in a 
number of other initiation factore have been associated witii 
cancer. Overproduction of elF4Q, similar to eiF4E, leads to 
maSgraufit transfbmnatton In vHm (69). eIF-2a Is found In 
Increased lev^s in bronchtoloah^aolar carcinomas of tfie lung 
(3). initiation fector elF-4A1 is overaxpressed in melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunit of 
translation initiation factor 3 Is amplified and overaxpressed 
in breast and prostate cancer (72), and the elf^ll 0 subunit 
is overaxpressed in testicular seminoma (7^. Tbe role that 
overexpression of tfiese Initiation factore plays on the dev^ 
opment and progresston of cancer, if any. Is not known. 

Overaxpresdon of S6K. S6K is amplifled and highly 
overax|x«^sed in the MCF7 breasi cancer cell line, com- 
pared with normal mammary epithelium (74). in a study by 
Bariund ef all (74), 86K was amplified in 59 of 668 primary 
breast tumors, and a statistically significant assodatfon was 
observed between amplification and poor prognosis. 
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Ov^^expression of PAP. PAP catalyzes 3' poly(A) syn- 
thesis. PAP Is overexpressed En human cancer cells com- 
pared witii nomiai and vfrally transfbrmad cells (75)* PAP 
eria^rnatic activity h breast tumors has 
PAP protein levels and, in mammary tumor cytosds, was 
found to be an lnde^[>^ent factor for predlctir^ survival (76). 
Little Is known, liowever, about how PAP expresskxi or ao- 
thfity affects the translational profito. 

Aftsratloffis In RNA-bfndlng Proteins. Brm less is known 
About aStefcdions bi RNA padoaQf ng In cancer. Ihcieaded ex- 
prassbn and nudear kxaHzaOon of the RNA-bfndng protein 
YB-1 are irKScators of a poor prognosis for breiast canodr 
non-smal ceQ faxng cancer (78), and ovarian cancer (79). How- 
ever, this effect may be rnedisied at least fn part at the 1^ 
transcripiica because YB-1 IncrBa&eschemoresistdnoetyyen- 
handriQ tfie tianscrtptldn of a multidrug reslstanoo ger^ (BO). 



AcOimthn of Signal Transduction Pathw^ 

MMkx\ of s^fnal transduction pathways by k)ss of tumor 
suppressor genes or overexpresston of certain tyrosbie kinases 
can contribute to the growth and aggressivefiess of tumors. An 
lmportant,.mutant in human cancers Is the tumor suppressor 
gansFlBy, which leads to the acflvatkm of the roi^Akt path- 
way. Aclivsdfon of PI3K end Alct Inducesiha oncogenic tians- 
fofmatlon of chicken emtiryD ^roblasts. The bansfoimed cells 
^x}w constitutive phosphorylation of S6K and of 4&BP1 (31). 
A mutant Akt that retains kinase activ^ but does not pl^-* 
phoiyiate S6K or 4E-BP1 does not liansfonn fibroblasts, whk^ 
suggests a oorrelatton between the onoogenksity of P13Kand 
Aktandthepho6phorylattonofS6Kand4E-BP1 (31). 

Several tyrosine kinases such as platelet^erfved growth 
factor, InsuUn-tike growth factor, HBRSTheu. and epidermal 
growth factor receptor are overexpressed In cancer. Be- 
cause these kinases actfvate downstream signal transduo- 
tkxi pathways known to alter transtatton Inltlatkm, activatton 
of lianstatbn is likely to contribute to the growth and aggres- 
siveness of these tumors. FurthermorB» the mfV^ for many 
of these kbiases themselves are under translattonai control. 
For example, IHER2/heu mRNA is transtationatly controlled 
both by a short upstream open reading frame that represses 
HER2/neu translation in a cell typ&«Independent manner and 
by a distinct cell type-dependent mechanism that Increases 
translationai efRdency (82). HER2/neu translation Is different 
In tmnsformed and nomial cells. Thus, It Is possible that 
Alterations at the translattonal level can In part account for 
the cUsonepancy between HER2/neu gene amplifk^atlon de- 
tected by fluorescence In sKu hyt3r1dlzation and protein levels 
detected by Immunohlstocherrilcal assays. 



Translaftion Targets of Selected Canoer Therapy 
Components of the trsnalatkm machinery and signal path- 
ways involved In the activatk}n of translation Inltiallon lepre- 
sent good targets for cancer therapy. 

Targeting the mTOR Signaling Paihw^ Rapam^^ 
and TumstaUn 

Rapamycln Inhibits the prioliferatton of ^mphocytes. tt was 
Inltiaily devek^ped as an Immunosuppressive diug for organ 



transptantatbn. F^apamydn witii FKBP 12 (FK506-bkuling 
protein, 12,000) binds to mTOR to hhlbit its Hmcttoa 

Raparnydn causes a small but significant reduction In tfie 
Initiakkm rate of protein ^nfthesle (B3). it bk)ck8 ceil growth iri 
part by blocking S8 phosphorylation and aelecttvaiy sup- 
pressing the translation of 5' TOP mRNAa, such as riboeomai 
proteins, and dongatkm factors ^3-85). Raparnydn also 
blocks 4E-BP1 phosphorylation and Inhibits cap-depetfident 
iMJt not cap-lnd^ndent translation (17, 86). 

The rapamydn-sen^tive signal transdudton pathway, acti- 
vated during mal^priarittrarisfomralion and caricer progrssstonr 
is now t)elng shidled as a target for canoer therapy (B7). Pro^ 
taii^ breast; srnaS cea hmg, gBoblaslorna, melanorna, and T-oeQ 
leUloemla are among the cancer Ones most sensi^ to the 
raparnydn anakigue CCI-779 (VVyeth-Ayerst Research; Ref. 
87). In rhabdornycosdroornacefl lines, raparrydn Iselth^ 
static or cytockH depending on the p63 status of the ceO; p53 
wfki-type cells treated with rE9)effnycbi anest In ttieOt phase 
and rnalrttahi th^.vlab%. whersas p53 mut£Bit ceiis accumif- 
late tn G| and undergo cg^optosls (88, 89). In a racentiy reported 
study using human primitive neuroectodenn^ tumor and 
medultoblastoma models. re9)amydn exhibited mora cytotox- 
k% in combinatkxi with ci^platbi and camptothedn than as a 
sir^ agerit fri iito, OCt-779 delaiyed gro^ 
160% after 1 weekof therapy and 24096 altera weeks. Aslngle 
high-dose adnrtfnistrBtkin caused a 37% decrease fs\ tumor 
voluma Growth IrihibKion Ai vM> was 1.3 tbnes graater, with 
ds{^n ki comt^lnatkm with CC^779 than w^ 

Thus, precfirtol studies suggest tfiat raparnydn ana- 
k>gues ana useful as single agents and in oombination with 
diemotherapy. 

Rapamydn analogues CCi-779 and RAD001 (islovartis, 
Basel, Swltzer^d) are now In cllnlcai trials. Bacmise of the 
known effect of rapamycln on lymphocyte pronferatkm, a 
potential problem with raparnydn analogues Is immunosup- 
presskm. However, although protonged immunoeuppfessk>n 
can result from rapamydn and CCI-779 adminlsterBd on 
continuous^dose schedules, the Immiaiosuppresslve effiects 
of rapamydn andlogues resdve In ~24 h aRer therapy 
^1). The prindpal toxidtles of Ca-779 have Induded d^- 
n^doglca) toddty, myelosuppresskm, lnfectk)n, mucositis, 
diarrhea, reversible elevations In liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87, 
92-94). Phase II trials of CCl-770 have been conducted in 
advanced renal cell cardnoma and in stage Ill/iV breast 
carolnoma patients who failed with prior chemottierapy. In 
the rasults reported in abstract form, a]tfiou£^ ttierB were no 
complete responses, partial responses were documented In 
both renal cell carcinoma and in breast carolnoma ^4, 95). 
Thus, CCl-779 has documented preliminary dinteal activity in 
a previously treated, unselected patient popuiaSton. 

Active invest^iatlon Is under way into pattent selectton f^ 
mTOR Inhibftors. Several studlte have found an eithanced 
efficacy of OCI-779 In PTEN-null tumors (30, 96). Another 
study found tiiat six of eight breast cancer cell lines were 
responsive to CCl-779, although only two of these tines 
lacked PTEN (97) There was, however, a positive conelatlon 
between Akt activatkin and CCf-779 sensfOvfly {97). This 
conrelatton suggests that activation of the PI3K-Akt pathway. 
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fBgacRess Of Whether it to attributable to a PTBsJ mutate 
to ov6fGxpn9S8ion of receptor tyrosine Idnasee, makes can- 
cer cell ainenabie to mTOR-directed therapy. In cxmtrastt 
low^ levels ol the target of inTOR. 4E-eP1. are asaod^ 
with rapamydn resistance; thus, a lower 4E-BP1/elF4E ratio 
tnay predict rapamydn resistance {98}. 

/^ther mode of activity for raparriydn and Its analogues 
appears to be through Inhibition of ar^logenesis. TNs activ- 
be both through direct InhQsttlpn of endotheOai cell 
prolHeration as a rasutt of mTOR inhibftton In these cells or by 
Inhlbftfon of transfatkm of such proangtogenic factors as 
vascular endothelial growth factor In tumor ceQs (99, 100). 

The anglogenesis Inhibitor tumstatln, another anticancer 
(frug currently under shJdy, was also found recently to InNbit 
translation in endothelial cells (101). Through a requisite in- 
teraction with lntegrln» tumstatin Inhibits activation of the 
PI3K^Akl pathway and mTOR In endothelial cells and pre- 
vents dlssodatfon of elF4E from 4E-BP1, thereby inhlbtting 
cap-dependent translation. These findings suggest that en- 
dothelial cells are espedalty sensitive to therapies targeting 
the mTOR-s^naUng pathway. 



Taroe&Sg ^F2€C EPA, CtotdmasDOteg mda^7, 
Bndnavonokb 

EPA Is an n^ polyunsaturated fatly acid found kt the fish- 
based iSets of populations having a low inddence of cancer 
(102). EPA inhibits the prdHimtion of cancer cells (103), as 
well as in animal models (104. 10Q. It blocks cell dMslon by 
inhibifing translation initiation (105). EPA releases C^"^ from 
Maceliular stores while Inhibiting ^r refilling, th^feby ac- 
tivating PKR. PKR, in turn phosphorytates and inhibits eIF2a, 
resulting in the Inhibition of protein synthesis at the level Qf 
translation vitiation. Similarly, clotiimazole, a potent antlpro- 
fiferative agent/n vftroand In vhfo. Inhibits ceil growth through 
depletion of Ca^^ stores, activation of PKR. and phospho- 
rylation of elF2a (108). Consequerrtly, clotrimazole praffersn- 
tlally decreases the expression of cycllns A, E, and D1, 
resulting In blocicage of the cell cycle In Q^. 

mckhT Is a novel tumor suppressor gene Mng developed 
as a gene therapy agent Adenoviral transfer olf mda-T (Ad- 
mdaT) induces apoptosls In nmny cancer cells including 
breast, colorectal* and lung cancer (1 07-1 0^. Ad-mda7 also 
Induces and activates Pi^, which leads to pho^horylatlon 
of eiF2a and induction of apoptosls (110). 

Flavonoids such as genlstein and quercetin suppress tu- 
mor cell growth. All three mammalian elF2a kinases, PKR, 
heme^ulated inhB)ltor» and PERK/PEK, are activated by 
flav<HK^s, with phosphorylation of elf=2a and inhibition of 
protein synthesis (111). 



Targeting BIF4A and alF4& Antlsense RNA 
andPapMes 

Antlsense expression of elF4A decreases the proTrferatlon rate 
of melanoma ceils (1 1^. Sequestration of eiF4£ by overexprd&- 
slon of 4E-BP1 Is proapoptotic and decreases tumorlgoMilcity 
(113, ll'Q. ReductkMi of eIF4E with antlsense RNA decreases 
soft agar growth. Increases tumor latency, and increases the 
rates of tumor doiMng times (7). Antlsense elF4E RNA treat- 



ment also reduces the expression of endogenic factors (115) 
and has been proposed asapotential adjuvant thersf^fbr head 
and neck cancers, perticulaily when elevated eiF4E is found In 
surgical maii^ Small molecule inhHb^ 
4&BP1-bindIng domain of eiF4E are pnoapoptotic (11G) atd 
are also bdng actively pursued. 



Exploiting SelectiyB Ttanskitlon for Qene Therapy 
A differait therapeutic approach that takes advantage of the 
enhanced cap-dependent tnandalion in cancer cdls is the use 
of gene tterapy vectors encoding siddde genes with highly 
slnjOluredS'lRRThesannRNAwoukjlhusbeetacompetitive 
dIsadvantGQe In nomried cdls and not translate vven, vvhereas In 
caffK^ ceHs, they woiM translate nrwre efftelentiy. Forexampte 
tiie Introductkxi of the 5' UTR of fibrobiast grovvl^ 
the coding sequence of /)eipessfr7v:^v/ms type- 1 Vrymldind 
Ahase gene. aBowsfcr selective trandatk)n of her^ 
vkim 1ype-1 ttiymicSne Idnase g&ne In breast cancer ced Bnes 
compared with nomna] mammary cefl lines and results In se- 
lective sensitfvtty to ganciclovir (1 1 7). 



Toward tiie Fkiture 

Tiianslatibn is a cmctel process in every GdL i4owever, sev^ 
alteiatkins In tronsiaikind obntrd occur in cancer 
appear to need an at)enantly activated translfllk)nal alata Ibr 
sun/h/at, thus glovving the taitgetlng of transiatkm In^^ 
surprisingly l<^ toxk%. Components of the translatlonal rr>ar 
chlnery, siidh as elF44 and signal tnansducfion pathways 
voh/ed In translatkjn ir^tlation, sudi mTOR, represent pro^ 
targets for cancer therapy. InHt^tors of ttie mTOR have already 
shown some preliminary activity In dinlcai trials, it is possible 
that with the devek>pment of better predlcthre rnarkera and 
better patient selecttoa response rotes to dngl&^gent therapy 
can be improved. SImiter to other cytostattc agents, however, 
mTOR InhlbitcffS oe most likely to achle\fe dkik^ utmty In 
comt)Inatk)n therapy. In the interim, our increasing understand- 
ing of trsnslaftton InitlatkHi and signal transduction pathways 
pronnlse to lead Id the kJerrttficatlon of new there^wutic tar^ 
In fha neer future. 
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